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TWENTY-YEAR INDEX 


SEWAGE WORKS JOURNAL 


(now SEWAGE AND INDUSTRIAL WASTES) 


1928 —1948 


AUTHORS SUBJECTS GEOGRAPHICAL 


Here is the key to the great reservoir of fundamental 
knowledge that is stored in the 115 numbers of the 
JOURNAL that record the era of greatest progress in 
water pollution control. Almost 9000 entries are 
compiled and arranged for finger-tip location with 
maximum convenience and economy of time. This 
compendium covers completely the entire content of 
the first twenty volumes of the JOURNAL. Bound in 
buckram, 144 pages. 


Price-—— $4.50 


Order your copy now from 


FEDERATION OF SEWAGE AND INDUSTRIAL 
WASTES ASSOCIATIONS 


325 ILLINOIS BUILDING CHAMPAIGN, ILLINOIS 
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**PAKAGE" SEWAGE PLANTS 
A unit specifically develoced ond planned for 
small community housing developments or indus- 
triol plants. Hondles sewage flows from 50 to 
500,000 gallons per day in single or multiple 
units. Excellent for populction equivalents from 
100 to 5000. No specially trained plant oper- 
ctor required. 


*Dependable 
eEconomical 


Efficient 


SWING DIFFUSERS AND PRECISION TUBES 
Swing diffusers assure uninterrupted operation 
without costly stond-by tanks. Individual swing 
units cre easily raised for inspection and diffuser 
cleaning. Lowest cost simplified cleaning restores 
new tube performance, permitting maintenance 
of lower blower pressure. Wide-band air diffu- 
sion mecns no uncerated center core. 


COMMINUTOR 
Sewage solids are automatically screened and cut 
without removol from the line of flow by the 
Comminutor. Eliminctes handling, burial or incin- 
eration of screenings. No odors, unsightliness or 
fly nuisance. 


CHICAGO 


| PUMP COMPANY 


FLUSH-KLEEN SEWAGE EJECTORS 
The proven clog-proof pump for handling row SEWAGE EQUIPMENT DIVISION 
sewage or liquids containing coarse and stringy 
matter. Incoming sewage flows through idle 
pumps. Incoming solids are retained on a screen. 
Screen is backwoshed when pump starts—oll 
solids ore carried to discharge pipe. Pump han- 
dies only strained liquid, 


622 DIVERSEY PARKWAY CHICAGO 14, ILLINOIS 
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“SOLVE YOUR FERRIC CHLORIDE 


Typical installation of Precision Feeder for 
feeding ferric chloride ti 
in proportion to sludge flow from sludge 
elevator. 


Omega Precision Feeder 
answers the needs of the modern 
sewage treatment plant for feeding 
corrosive ferric chloride solutions. 
The natural law that liquid tends to 


/ 7 seek its own level is positive assur- 


SIMPLE ance that the Precision Feeder will 
no valves, diaphragms feed solutions with high accuracy 
and great dependability. Precision 

ACCURATE 


Feeders are furnished in three 


within 1% + standard sizes for feed rates from 


DEPENDABLE 0.08 to 32 g.p.h. Each model is in- 
as an electric clock finitely adjustable over a 100 to 1 
feed range. Write today for Bul- 

ADAPTABLE 


letin 60-E1B and complete details. 
Omega Machine Company, 368 
Harris Avenue, Providence 1, R. I. 
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INDUSTRIES) rioncens im mevers reeoens || OMEGR 
: 


Alabama Water and Sewage Assn.* 
Arex O. Tayrtor, Secretery 


Box 69 
Alabama Polytechnic Institute 
Auburn, Alabama 
Arizona Sewage and Water Works Assn.* 
M. V. Exuis, Sec.-Treas. 
c/o Sewage Treatment Plant 
Phoenix, Ariz. 


Arkansas Water and Sewage Conf.* 
Dr. Harrison Hate, Sec.-Treas. 
c/o Southern State College 
Magnolia, Ark. 


California Sewage and ec Wastes Assn. 
Sam A. Weep, Sec.-Tre 
Room 315, City Hall, Oakland 18, Calif. 


Canadian Institute on Sewage and Sanitation 
Dr. A. Berry, Sec.-Treas. 
Ontario Dept. of "Health 
Parliament 
Toronto 8, Ontario, Canada 


Central States Sewage and Industrial Wastes 
Assn. 
A. Paut Troemper, Sec.-Treas. 
c/o Illinois Sanitary Water 
Springfield, Ill. 
Dakota Water and Sewage Works Conf. 
North Dakota Section® 
Jerome H. Svore, Sec.-Treas. 
c/o State Dept. of Health 
Bismar Dak. 


South Section* 
Cuartes E. Cart, Sec.-Treas. 
c/o Div. of Sanitary Engineering 
State Board of Health, Pierre, S. Dak. 


Federal Sewage Research Assn. 
Lester M. KtasHMan, Sec.-Treas. 
Rm. 4218, Fed. Security Bldg., So., 
Washington 25, DB. C. 


Florida Sewage and Industrial Wastes Assn. 
ONALD P. ScHIESSWOHL, Sec.-Treas. 
Bureau of San. Eng. 


P. O. Box 210 
Jacksonville 1, Fla. 

Georgia Water and Sewage Assn.* 
A Storey, Sec.-Treas. 


1210 Hemphill Ave., N.W. 
Atlanta, 


(Germany) Abwassertechnische Vereinigung 
Wituetm Bucxstesc, Sec.-Treas. 
Schliessfach 1112 
Ruhbrverband, Essen, Germany 


Institute of Sewage Purificati 
FSIWA Contact Member 
206 Bradford R 
Wakefield, Yorks, England 


Institution of Sanitary Engineers 
Ernest Batsom, Secretary 
118 Victoria St. 
Westminster, S. W. 1, London, England 


lowa Sewage Works Assn. 
Leo Sec.-Treas. 
P. O. Box 310 
Webster City, Iowa 


Kansas Sewage and Industrial Wastes Assn. 
Dwicut F. Merzrer, Sec.-Treas. 
c/o State Board of Health 
Marvin Hall 
University of Kansas, Lawrence, Kans. 


Kentucky-Tennessee Industrial Wastes and 
Sewage Works Assn. 
R. Paut Sec.-Treas. 
420 Sixth Ave., N., Nashville 3, Tenn. 
Loulsiana Conference on Water Supply and 
Sewerage * 
Georce L. West, Sec.-Treas. 
Water Dept., Lake Charles, La. 


* Sewage Works Section. 
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FSIWA MEMBER ASSOCIATIONS 


Maryland-Delaware Water and Sewerage Assn.* 
W. M. Binctey, Sec.-Treas 
2411 N. Charles St., Baltimore 18, Md. 
Michigan Sewage and Industrial Wastes Assn. 
D. M. Pierce, Sec.-Treas. 
Michigan Dept. of Health 
Room 334, Admin. Bldg., Lansing 4, Michigan 
Missouri Water and Sewerage Conf.* 
Warren Kramer, Sec.-Treas 
c/o State Office Bidg., Sixth Floor 
Jefferson City, Mo. 
Montana Sewage and Industrial Wastes Assn. 
Harvey W. Taytor, Sec.-Treas. 
Div. of Sanitary Engineering 
State Board of Health, Helena, Montana 
Nebraska Sewage and Industrial Wastes Assn. 
Paut W. Mouset, Secretary-Treasurer 
602 West B Street, McCook, Nebr. 
~— England Sewage and Industrial Wastes 
sen. 
SterHen M. Hurtey, Jr., Sec.-Treas. 
c/o State Dept. of Health 
331 State Office Bldg., Providence, R. I. 
= Jersey Sewage and Industrial Wastes 
sen. 
Micuaet S. Kacuorsky, Sec.-Treas. 
P. O. Box 766, Manville, N. J. 
New York Sewage and Industrial Wastes Assn. 
Ratpu C. Sweeney, Secretary 
c/o State Dept. of Health 
21 N. Broadway, White Plains, N. Y. 
— Carolina Sewage and Industrial Waste 
sen. 
E. C. Hupparp, Sec.-Treas. 
State Board of Health, Raleigh, N. C. 
Ohio Sewage and Industrial Wastes Treat- 
ment Conf. 
Warp E. Conran, Sec.-Treas 
301 Ohio Depts. Bldg., Cambe 15, Ohio 
cent Water, Sewage and Industrial Waste 
onf.* 
H. J. Darcey, Sec.-Tre 
State Dept. of Health, yn City 5, Okla. 
Pacific Northwest Sewage and Industrial 
Wastes Assn. 
Ropert O. Sytvester, Sec.-Treas. 
Civil Engineering Dept. 
University of Washington, Seattle 5, Wash. 
Pennsylvania Sewage and Industrial Wastes 
Assn. 
B. S. Sec.-Treas. 
c/o Pennsylvania Dept. of Health 
Kirby Health Center, Wilkes-Barre, Pa. 
Puerto Rico Water and Sewage Works Assn. 
Rosert J. Auto, Sec.-Treas. 
c/o Puerto Rico Aqueduct and Sewer Service 
Box 2832, San Juan 12, Puerto Rico 
Rocky Mountain Sewage Works Assn. 
C. E. Harness, Sec.-Treas. 
272 City and County Bldg., Denver, Colorado 
South Carolina Water and Sewage Works 
Assn.* 
W. T. Linton, Sec.-Treas 
Wade Hampton Bldg., Columbia, a. < 
(Sweden) Fireningen Fir Vattenhygien 
Erik Jonsson, Secretary 
Box 5038, Stockholm 5, Sweden 


(Switzerland) Verband Scheizerischer Abwas- 
serfachleute 
Epvarp HOo.incer, Treasurer 
Spitzackerstrasse 17, Liestal, Switzerland 
Texas Water and Sewage Works Asen.* 
V. M. Enters, Sec.-Treas. 
501 W. 33rd St., Austin, Tex. 
Virginia Industrial Wastes and Sewage Works 
Assn. 
J. L. Hamnick, Jr., Sec.-Treas 
415 W. Franklin St., Richmond 20, Va. 


West Virginia Sewage and Industrial Wastes 
Assen. 


O. Fortney, Sec.-Treas. 
State Dept. of Health, Cherteten, W. Va. 
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SIMPLEX 


SQUEEZE CONTROLLER 


Accurately Controls Flow 
of Sewage, Sludge, Trade Wastes 


For the first time, heavy viscous flows can be closely regulated without 
affecting the moving parts of the controlling device. This solves many 
problems . . . makes possible entirely new plant designs. 


The core of this unit is a time-tested venturi tube with a special throat 
section of flexible rubber. Differential pressure in the venturi is trans- 
mitted to a Simplex Type H Rate Setter which both measures and main- 
tains the flow desired. If flow tends to change, Type H Rate Setter 
actuates the motor-driven clamping device to adjust the flexible throat 
area... quickly returns flow to the control point. 


Look-at these advantages. A Simplex venturi tube, the most accurate 
form of primary device, does double duty, measures as it controls. The 
throat section is self-scouring. Viscous fluids contact no moving parts. 


Write for complete details today! 
Simplex Valve & Meter Company 
6719 Upland Street, Philadelphia 42, Pa. 


SIMPLEX 


METER COMPANY 
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MEMBER ASSOCIATION MEETINGS 


Association Place Time 

Ohio Sewage and Industrial Mayflower Hotel, June 17-19, 1953 
Wastes Treatment Conference Akron, Ohio 

Pennsylvania Sewage and Pa. State College, Aug. 26-28, 1953 
Industrial Wastes Assn. State College, Pa. 

West Virginia Sewage and Industrial Hotel Morgan, Sept. 2-3, 1953 
Wastes Association Morgantown, W. Va. 

Iowa Sewage Works Assn. Iowa State College, Sept. 2-4, 1953 


Ames, Iowa 


Rocky Mountain Sewage Works Hotel La Fonda, Sept. 21, 1953 
Association Santa Fe, N. M. 

Kentucky-Tennessee Industrial Wastes Owensboro Hotel, Sept. 21-23, 1953 
and Sewage Works Assn. Owensboro, Ky. 

Michigan Sewage and Industrial Michigan State Sept. 21-23, 1953 
Wastes Association College, 


Kellogg Center, 
East Lansing, Mich. 


Missouri Water and Sewerage Elms Hotel, Sept. 27-29, 1953 
Conference Excelsior Springs, Mo. 


TWENTY-SIXTH ANNUAL MEETING 


Federation of Sewage and Industrial Wastes Associations 
in conjunction with 
Florida Sewage and Industrial Wastes Association 
Municipal (Bayfront Park) Auditorium, Miami, Florida 
October 13-16, 1953 


Address hotel reservation requests to: FSIWA Convention 
Housing Bureau, 320 N.E. Fifth Street, Miami, Florida 


Canadian Institute on Sewage and General Brock Hotel, Oct. 26-28, 1953 
Sanitation Niagara Falls, Ont., 
Can. 


New England Sewage and Industrial Wannamoisett Nov. 5, 1953 
Wastes Association Country Club, 
96 Hoyt Avenue, 
East Providence, R. I. 


Pacifie Northwest Sewage and Industrial Hotel Chinook, Nov. 5-7, 1953 
Wastes Association Yakima, Washington, 


North Carolina Sewage and Industrial Sheraton Hotel, Nov. 9-11, 1953 
Waste Association High Point, N. C. 

Nebraska Sewage and Hotel Capital, Nov. 12-13, 1953 
Industrial Wastes Association Lincoln, Nebr. 

Oklahoma Water, Sewage and Okla. A & M College, Nov. 16-20, 1953 


Industrial Waste Conference Stillwater, Okla. 
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from the YEOMANS GUARD 


90% B.O.D. Removal in 
** Aero-Filter” Plant 
at Plant City, Fla. 


How’s this for a letter? 


“The Florida State Board of Health joins the 
City of Plant City in its pride in having such an 
excellent sewage treatment plant.’’ The letter 
to T. J. McCall, City Manager, continues ‘‘and 
certainly Plant City has set an example which 
would be very profitable for other cities to 
follow.” 

In a later letter the State Board of Health 
added, ‘‘. .. we now have almost a year’s 
operating data on this plant . .. and appar- 
ently it is achieving a B.O.D. removal in excess 
of 90 per cent.” 


This all-Yeomans waste treatment plant, built 
around an ‘‘Aero-Filter’’ and four dual Stream- 
line Sludge Collectors, was designed by Alan B 
Pimm, Consulting Engineer of Tampa, Fla., to 
meet the needs of the present population of 
approximately 10,000 with provision for possible 
future population growth to 15,000. 


The happy sequel to this success story is the 
fact that numerous other communities are fol- 
lowing Plant City’s example. They’re specify- 
ing Yeomans treatment equipment and getting 
high efficiency at low cost. 


Three More 
Commandments for 
Pump Maintenance 


A centrifugal pump’s function is to pump 
liquid—not air; and air leakage will cause a 
pump to lose suction. To prevent that leakage, 
a centrifugal pump has a stuffing box—a casing, 
rings of packing, seal caps, and a gland at the 
outside end. 


Observing these three simple rules will pay off 
in pump efficience: 


1. Replace packing periodically—using recom- 
mended packing. Forcing in a ring or two of 
new packing is bad practice—likely to displace 
the seal cage. 


YEOMANS BroTHERS COMPANY 


Put in each packing ring separately, and seat 
it firmly before adding the next. Stagger adja- 
cent rings, so that ends do not coincide. 


2. Never tighten a gland more than 
excessive pressure will wear shaft sleeves. 


3. Replace badly scored shaft sleeves immediately 
—or packing will not last long. 


These and other common-sense rules make 
2000 a “must” for your maintenance 
stafl. 


0 Please send Manual 2000. 


easy 
e to select 
e to install 


e to pay for 
this NEW PACKAGE 
SEWAGE LIFT STATION 


A practical answer to an urgent and growing 
need for a low-priced, easily installed ‘‘package”’ 
dry pit sewage life station for small residential 
units: our new ‘‘Package’’ Sewage Ejector Series 
6280 


No Selection Problem—A simple matter to 
choose the right model by population to be served 
and the discharge head. 

No Installation Problem—lIt’s a “‘package’— 
complete, ready to place in the pit and connect. 

No Payment Problem—simple in design, stand- 
a this compact unit is low priced, easy to 
pay for. 


See Bulletin 6251, page 8. 
OD Please send Bulletin 6251. 


The Yeomans Guard, published several times a year, 
is a compendium of news and useful information 
covering the pumping of materials and the treat- 
ment of wastes, both domestic and industrial. We 
shall be pleased to send you the current issue if 
you'd care to have it. Ask your local Yeomans 

epresentative—listed in the telephone book yel- 
low pages under “Pumps''—or write direct. 


1999-7 N. RUBY STREET, MELROSE PARK, ILLINOIS 
Manufacturers of: Centrifugal Pumps and Pneumatic Ejectors for Buildings, Municipalities, and 


Industrial Applications, and a Full Line of Waste Treatment Equipment. quummms 
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FOUR OF THESE WORTHINGTON MIXFLO 
PUMPS, cach with a capacity of 83 million 
gallons per day, move sewage through 
various stages of its treatment at Boston's 
Nut Island Plant. The pumps are designed 
to operate at variable speeds through the 
use of the magnetic drive which in con- 
nection with Worthington float control 
will maintain a pump-well level of not 
more than 3 inches above or below nor- 
mal—even though pumping rates vary 
between 35 and 300 mgd 


c PRESENTLY USING SEWAGE GAS AS FUEL, 
these Worthington dual fuel engines are 
designed to operate on either gas or oil 
They will maintain load in the event of 
a sudden emergency loss of gas supply 
by automatically switching to oil. Two 
of these 215-hp units drive the sewage 
aeration blowers at Boston's new sewage 
treatment plant at Nut Island 
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DUAL FUEL ENGINES A CALLY 


Worthington equipment at Nut Island Plant 
helps Boston reclaim Quincy Bay beaches 


Mixflo pumps have maximum capacity of more than 300 mgd of sewage 


The new $10,000,000 Nut Island Plant at 
Quincy, Mass., is now treating 95 mgd of raw 
sewage which was previously pumped directly 
into Quincy Bay. 

Four large Worthington Mixflo pumps, with 
Electric Machinery motor and magnetic drive, 
each with a capacity of 83 mgd, give this modern 
sewage treatment plant a reserve potential to 
meet any future demands. 

Three large Worthington dual fuel engines 
drive the Electric Machinery generators which 
power the entire plant. Two smaller Worthington 


All Major Public Works Equipment Under One Responsibility i; 


dual fuel engines drive the blowers for aeration 
of the sewage. 

In addition to its larger pumps and engines 
shown here, Worthington also supplies commi- 
nutors, smaller sewage pumps, sludge removal 
pumps, and vertical turbine pumps for the water 
and sewage field. 

Write us for a list of Worthington installations 
in your area, and complete information on how 
Worthington equipment can solve your sewerage 
problem. Worthington Corporation, Public 
Works Division, Section W.3.1, Harrison, N. J. 


WORTHINGTON 


_ Public Works Equipment 


LOAD in the event of a sudden emergency loss of gas 
supply. These two 820-hp dual fuel engines and one 830-hp spark ignition gas engine drive three Electric 
Machinery generators. Two 215-hp dual fuel engines in the foreground drive positive displacement blowers. 
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his water control probs 
lems might have been easier. There's 
where you have the advantage over poor” 
Noah. PEKRUL Water Control Equipment 
and PEKRUL engineers stand ready to” 
solve your most difficult requirements.” 


Manufacturers of Pekrul Gates 
for 


FLOOD CONTROL 
LEVEES 
IRRIGATION 
WATER WORKS 
DAMS 

SEWAGE DISPOSAL 
RESERVOIRS 
PUMPING PLANTS 
OIL REFINERIES 
FISH HATCHERIES 
REARING PONDS 
RECREATION POOLS 
COOLING TOWERS 
STEEL MILLS 


MORSE 
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dependable 
process 

equipment 
built to 
fit your 


Large or small 
—a Conkey 
filtration 
plant can 
serve you 
well. Left, a 
seif-conta'ned 
package unit. 


PMENT DIVISION GENERAL AMERICAN TRANSPORTATION CORPORATIO 


Sales Office: 10 East 49th Street, New York 17, New York 


General Offices: 135 South La Salle Street, Chicago 90, Illinois 
in Canada: Canadian Locomotive Company, Ltd., Kingston, Ontario 


OFFICES IN ALL PRINCIPAL CITIES 


Other General American Equipment: Turbo-Mixers °* Evaporators 
Towers * Tanks Dryers 


Pressure Vessels 


on 
: 

District. Built to AN 

Latest bulletin on Filters 

: 
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These 

Two Methods 
End 

Sludge Disposal 
Problems 


Effective as modern processes of sewage treat- 
ment are, they can lose much of their value if 
proper sludge disposal methods are not adopted. 


The C-E Raymond System of Flash Drying 
and Incineration offers two completely modern 
methods of sewage sludge disposal — both per- 
formed by compact, reliable equipment. 


Flash Drying by the C-E Raymond System is a con- 
tinuous process in which vacuum filtered sludge 
— if uncontaminated with undesirable industrial 
wastes — is efficiently heat dried to a market- 
able fertilizer or soil conditioner retaining all its 
original nitrogen, but eliminating the objection- 
able qualities of the original wet sludge. In a 
well designed and operated “activated plant” 
the revenue from the sale of fertilizer is sufficent 
to cover the operating costs of both the drying 
and vacuum filtration. 


Incineration by the C-E Raymond System is an alter- 
nate, optional method. Where the production of 
fertilizer is not desired or the sludge is unsuit- 
able, it is flash dried and then completely burned 
in suspension to an easily disposable, sterile ash. 


The two methods can be combined in one sys- 
tem and used alternately as current market 
situations dictate. The entire design is com- 
pletely flexible and can easily be tailored to suit 
the requirements of any community. 


The services of C-E specialists are available 
to help you plan for the end of atmospheric or 
stream pollution in your community, as it has 
been done in so many others. For prompt, spe- 
cific recommendations on the most practical 
answer to your sludge disposal problems, get in 
touch with one of the Combustion offices listed 
at the right. B634A 


SLUDGE 


As a vacuum filter cake or thickened sludge 
from any type of sewage treatment process. 


ASH and/or FERTILIZER 


As a fine dust, free from As a dry powder, con- 
clinker and unburned taining all the original 
organic materials. fertilizer ingredients. 


Industrial Sludges, Too are effectively 
and economically disposed of in C-E 
Raymond Flash Drying and Inciner- 
ation Equipment. Write for details. 


COMBUSTION 
ENGINEERING, INC. 


FLASH DRYER DIVISION 


1315 North Branch Street 
Chicago 22, Illinois 
Western Office: 510 W. Sixth 

Los Angeles 14, Calif. 
Eastern Office: 200 Madison Ave. 
New York 16, N. Y. 
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You can cut 


installation costs 


— Because of this RING-TITE JOINT used 
with Transite Sewer Pipe 


Long 13-foot lengths of Transite* Pipe are 
rapidly assembled with the Ring-Tite 
Coupling. With it, dollars-and-cents sav- 
ings will be realized every step of the way 
during construction of the line. 

The 13-foot lengths reduce the number 
of joints and permit the pipe to be brought 
quickly and accurately to grade. Still more 
time is saved since each Ring-Tite joint 
can be checked as fast as it is assembled to 
reduce delays in backfilling, and speed 
completion of the job. 


LIGHT IN WEIGHT 


Other money-saving advantages of Tran- 
site Sewer Pipe are found in its light 
weight and easy handling which reduce 
trucking costs and pay off in simplified 
operation. And, too, the Ring-Tite joint 
eliminates the necessity for hot com- 


pounds and the time-consuming proce- 
dures that go with their use. 

May we send you more facts about this 
asbestos-cement pipe and its Ring-Tite 
joint .. . and how they reduce infiltration 
to a minimum and cut other sewage costs 
as well? Please write for folder TR-103A. 
Address Johns-Manville, Box 60, New 
York 16, N. Y. 


AND BUILDING SEWER PIPE, TOO! 


Another J-M Asbestos-Cement Pipe, 
Transite Building Sewer Pipe, assures a 
tight sewer system throughout. Many 
municipal officials are insisting that house 
and building connections to their sew- 
age lines be made with Johns-Manville 
Building Sewer Pipe to assure tightness 
throughout their systems. This pipe also 
has the same type of rubber ring sealed 
joint that is shown above. 


*Reg. U. S. Pat. Off. 


Johns-Manville TRANSITE SEWER PIPE 


213a 

eee = F hog: 

7 

3 : 


SEWAGE AND INDUSTRIAL WASTES 
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ASSEMBLY 


TO waste 
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WASTE GAS BURNER 
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GAS PIPING SCHEMATIC 
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48 ORIP TRAPS 
(ALTERNATE LOCATION 

aT Low POINT? 


GAS EQUIPMENT 
SPECIFICATIONS 
@. PRESSURE RELIEF AND FLAME 
TRAP ASSEMBLY 
“VAREC” Fig. No. 440 


FLAME TRAP ASSEMBLY 
“VAREC” Fig. No. 450 
FLAME CHECK 
“VAREC” Fig. No. 52A 
EXPLOSION RELIEF VALVES 
“VAREC” Fig. No. 70-1 
WASTE GAS BURNER 
“VAREC” Fig. No. 236 
DRIP TRAPS 
“VAREC” Fig. No. 245 
(automatic) 
“VAREC” Fig. No. 248 
(hand operated) 
MANOMETERS 
“VAREC” Fig. No. 216A 


PROVED ene APP 


70 EXPLOSION VALVES 


“vAREC™ 
1G. 21670 
MANOMETER 
FG. 18 

REDUCING 

REGULATOR FIG. 450 
TRAP 
ASSEMBL 


SUPPLY 

EQUIPMENT 

Gas SUPPLY 

FROM DIGESTERS REGULATOR CONT AML 
THAN 

MAIN LINE LENGTH, 

EGULATOR TO SUPPLY? 


“yaREC™ FIGS 245 OR 


‘Low POINTS 248 TR 


Utilizing sewage gas and safely disposing of 
excess gas is an automatic operation with “VAREC” 
Equipmerit incorporated into your sewage plant 
design. With this equipment, accurate gas pres- 
sures are maintained in all service lines. As soon as 
the digesters make more gas than required for 
service, the pressure relief valve to the waste gas 
burner opens to permit safe burning of the excess. 


Flame flashback to valuable equipment is pre- 
vented with “VAREC” Flame Traps and Flame 
Checks. The flame arresting element of the Flame 
Trap is designed to eliminate flame propagation of 
even more inflammable gases than encountered in 
sewage service. This element is the same as that 
used in “VAREC” Flame Arresters listed by the 
UNDERWRITERS’ LABORATORIES for petro- 
leum product storage. 


Emergency explosion relief is accomplished with 
“VAREC” Explosion Relief Valves. These valves 
should be installed outside of any buildings. 


An enlarged engineering drawing of the above 
gas piping detail will be sent upon request. If you 
design sewage treatment plants, write today. 


THE VAPOR RECOVERY SYSTEMS CO. 
COMPTON, CALIFORNIA, U. S. A. 
Cable Address: VAREC COMPTON USA (All Codes) 
York * Beston * Pittsburgh * Chicage * Detroit * St. Levis 
Tulse * Casper, Wye. * Prove, Utah * Les Angeles * San Bn ody * Seattle 


Available from authorized Sewage Equipment 
e@gonts threvghout United Stetes end Cenede 
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LINK-BELT sanitary engineering 
equipment built last 


with LINK-BELT components 


ig municipalities and industrial plants all over the country, antee of long-life, high-efficiency operation. 
Link-Belt water, sewage and waste treatment equipment The Link-Bele line includes coarse and fine screens, grit 
provides reliable, efficient service. There are two important and sludge collectors for grit chambers and settling tanks, 
reasons for this outstanding record— scum breakers for digestion tanks and sludge handling 
First, Link-Belt designs are based on broad experience and equipment. Our sanitary engineers will be glad to work 
sound engineering . . . assure the finest in modern treatment with your engineers, chemists and consultants—help you 
techniques. Second, and equally important—Link-Belt equip- get the best in modern treatment equipment. Call the Link- 
ment is built to the highest standards with Link-Belt power Belt office near you for complete information. 


transmission and conveying components. This is your guar- 


P.1.V. VARIABLE SPEED DRIVE GEARMOTORS ELECTROFLUID DRIVES WORM GEAR DRIVES 


For positive, infinitely variable Safe, compact, efficient. Output Hydraulic coupling combined Suited to high-ratio reductions, 
speed selection. Choose from 16 speeds from 6 to 280 rpm in with induction motor for smooth with vertical or horizontal out- 
types, 4% to 25 hp, reduction standard line of doubleand triple starting and shock load protec- put shafts. Quiet, smooth, com- 
ratios 6:1. reduction units. tion. Avoids “over-motoring. pact. Output rpm: 0.22 to 564. 


ROLLER CHAIN PROMAL CHAIN BELT CONVEYOR IDLERS SCREW CONVEYORS 
For positive power transmission This stronger, longer-wearing Husky, self-aligning roller bear- Sectional flight and helicoid 
at high or low speeds, coordinat- malleable alloy has toughness, ings maintain alignment. Grease types. One moving part. Com- 
ing rotation of numerous shafts. strength, high yield point, high in-dire out seals preserve lubri- pact. No return run. Horizontal, 


Long or short centers. resistance to abrasion. cant longer. vertical or inclined operation. 
BALL & ROLLER BEARINGS SPROCKET WHEELS PEAK CAP BEARINGS 


Full line of precision pillow blocks, flanged; Teeth are accurately cast and hand ground Water lubricated, Self-Aligning; prevent ac- 
flanged cartridge, cartridge, hanger, and to fit chain correctly. A type for every chain, cumulation of sludge on all submerged 
take-up blocks for every need. a size for every requirement. bearings of Collectors. 


LINK-BELT COMPANY: Plants: Chicago, Indian- 
Colmar, Pa., Atlanta, 
polis, San Francisco, Los Angeles, 


Seantie, Springs (South Africa), Sydney 
SANITARY ENGINEERING EQUIPMENT and Distributors in Principal Cities. 13 :44-4 


(Australia). Sales Offices, Factory Branch Stores 
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SEWAGE AND INDUSTRIAL WASTES 


DIFFUSAIR at Kirkwood, 


DIFFUSAIR installation at Kirkwood, 
Mo. Impingement nozzles and bowls 
are on headers at lower left side of 
tank. 


Mo. in 


operation showing effective “spiral 
flow” agitation and aeration of 


tank liquor. 


FOR 

SEWAGE 

WASTE AND 

WATER TREATMENT 
PRE-AERATION ... 
ACTIVATED SLUDGE... 


CARBONATION 


Write tor Bulletin 17$31 


The Impingement Aerator is a unit developed to 
accomplish more effectively and economically the dif- 
fusion of air as small bubbles to agitate and oxygenate 
aeration tank liquors. 

The principle involved is the combining of a low velocity 
jet of tank liquor and large air bubbles within an open 
bowl-like impinger. The cavitation effect thus produced 
divides the air into smaller bubbles than those diffused 

from a No. 30 permeability porous tube. The amount and 
pressure of the impingement water is very low when 
compared with the progressive back pressuring of the 
blower that persists when other types of 

air diffusers are employed. 

The impingement liquor is derived directly from the 
aeration tank mixed liquor, and is lifted with a simple 
air-lift unit from which 1/3 of the fine air is re-entrained 
and utilized for oxygenation. 

The air is released along headers through 3/16 inch 
orifices in the impinger units and no air clogging is possible. 
No filtering of the compressed air supply is required 

since there are no fine diffusion pores to become clogged. 


PROCESS 
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STURDY, 


Weaning 
INERTOL PAINTS 


specified at 
San Francisco 
Sewage 

Plant 


Digester Tanks are equipped with 
fabricated floating covers protected 
completely with Inertol Paints. Pacific 
Flush Tank Floating Covers fabricated and 
erected by the Chicago Bridge and Iron 
Company. Contractor used Inertol 

Quick Drying Primer #626, and 

Standard Thick. 


Primer #626 forms a tough inhibitive 
film to which paint bonds securely. 
Standard Thick, water and fume- 
resistant, protects steel surfaces 
submerged and subjected to extreme 
sewage gases. 


Specified at Southeast Sewage and Treatment Plant 
by the Engineering Office of Clyde C. Kennedy 


Engineer Kennedy’s paint specialists couldn’t 
guess about performance when choosing 
paints for San Francisco’s new sewage 
plant. They needed coatings that would 
meet their high standards for elasticity, 
hardness, inertness and water-resistance. 
And that’s why Inertol Paints—developed 
especially for sewage plant use—won their 
“O.K.” The long-run economy assured by 
Inertol Paints has satisfied users in all parts 


of the country. And painting contractors 
D. Zelinsky & Sons found Inertol coatings 
easy to apply . . . and economical. 

If your need is for a durable attractive coat- 
ing, let an Inertol Field Technician help you 
find exactly what you’re looking for. You'll 
find our free “Painting Guide” an invaluable 
aid, too. Write for your copy today—especially 
if you're a Specifications Writer, Design Engi- 
neer, Plant Superintendent or Contractor. 


INERTOL CO., INC. 


482 Frelinghuysen Avenue 
Newark 5, New Jersey 


27 South Park, Department 2 
San Francisco 7, California 
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SEWAGE AND INDUSTRIAL WASTES 


Chappell, Neo. ' Complete sewage treatment 
obtains : at low per capita cost 


provides high rate 
biological sewage treatment 
Chappell, Nebraska, required complete » 
biological sewage treatment. At the — 
same time, Chappell’s size (pop. 1500) a ® 
would not allow a “blank check” 
budget. Fulton & Cramer, consulting | ll r 
engineers, solved the problem with an 
Aero-Accelator. This economical intercepts larger solids... 
sewage unit installation provides rapid reduces them 


and sustained biological action with 
efficient clarification. by cutting and shearing 
The Griductor protects 
Chappell’s equipment 
li from fouling and 
OR MORE clogging. The simplicity 
ROCRMATION... ; of its straight channel 
send for these detailed a i. — was an 
6510-AS and 5100-AS 3 = 


INFILCO INC. §§ Tucson, Arizona 


Plants in Chicago ¢ Joliet, Illinois 


FIELD ENGINEERING OFFICES IN 26 PRINCIPAL CITIES 
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SEWAGE AND INDUSTRIAL WASTES 


IN THE CHEMICAL and INDUSTRIAL PROCESS- L L 
ING FIELD (CF Round Port CYLINDRICAL 


Plug Valves handle abrasive ladings, such as 


cement slurry, cool wash water, etc., without 
erosion—and have long life. 


Q.C.f-'s Full Round Port, CYLINDRICAL Plug Valve 
has a straight level - through flow passage the same 
size and shape as the pipe itself! This means fast 
unobstructed flow of heavy or viscous ladings, 
solids in suspension, all liquids and gases. 


a 4 
Valves give full-crea flow with fast, positive Qc. f's Rectangular Port, CYLINDRICAL 
Plug Valve, too. 


Investigate — you need “full pipe size area” valves 
for economical processing. 


YLINDRICAL 


Plug shears obstructions on raw sewage lines Write £5; Catal ; ives i 
og 4-SI, American Car and Foundry Co. tat 
..- provides uninterrupted flow. Valve Division, 1501 E. Ferry Ave., Detroit it, Michigen 50 Principal Cities 
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SEWAGE AND INDUSTRIAL WASTES 


these coLLectors 
pay You orF! 


If your problem concerns separation 
of inorganic solids from liquids, you'll 
find Rex® Grit Collectors really pay 
off in longer service life and depend- 
able, economical operation. They are 
especially designed for efficient opera- 
tion under the extremely abrasive and 
corrosive conditions so common in this 
service. Tough, rugged Rex Z-Metal 
Chain is used throughout. Scrapers and 
buckets have hardened, renewable 
wearing shoes. Sprockets are of Rex 
Temperim® of double life design. 

All Rex Grit Collectors have an ex- 
clusive grit conditioning feature by 
which improperly separated material, 
or material with excessive fines or 
organics, can be recirculated to the 
channel for resettling. For all the facts 
call your nearest Rex Field Sales Engi- 
neer or write for Bulletin 51-83. Chain 
Belt Company, 4606 W. Greenfield 
Ave., Milwaukee 1, Wis. 


Rex Scraper 

Type Grit Collector 

scrapes grit from horizontal floor 
of the channel and drags it up 
incline for discharge into suitable 
receptacle. 


Rex V-Bucket 

Type Grit Collectors 

for Shallow Channels. Both deep and 
shallow channel models have been installed 
for the protection of low level pumping 
stations. 


Rex V-Bucket 

Type Grit Collectors 

for Deep Channels combine a 
scraper collector and a bucket elevator 
in a single unit. 


Chaim Belt COMPANY OF MILWAUKEE 


Atlanta + Baltimore + Birmingham + Boston + Buffalo + Chicago «+ Cincinnati + Cleveland « Dallas 

Denver + Detroit - El Paso + Houston + Indianapolis + Jacksonville » Kansas City * Los Angeles 

Louisville + Midland, Texas + Milwaukee + Minneapolis + New York + Philadelphia + Pittsburgh 

Portland, Ore.+ Springfield, Mass.+ St. Louis Salt Lake City San Francisco+ Seattle- Tulsa» Worcester 
Export Offices: Milwaukee and 19 Rector St., New York City 
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SEWAGE AND INDUSTRIAL WASTES 


Got the angle... 


for OIG volume pumping ? 


You get a new high in service from Fairbanks-Morse Angleflow Pumps. 
They're designed for BIG volume pumping against moderate heads— 
sizes range from 8 to 54 inches . . . capacities up to 80,000 GPM. 


You can move big volumes of sewage or storm water too, with low 
operating and maintenance costs. These Angleflow Pumps, with their 
wide, unobstructed impeller and volute passages, are especially 
suitable for handling debris-filled water. 


For information, see your local Fairbanks-Morse Pump Engineer... 
or write Fairbanks, Morse & Co., Chicago 5, Illinois. 


4 


FAIRBANKS-MORSE 


a name worth remembering when you want the best 


PUMPS © SCALES © DIESEL LOCOMOTIVES & ENGINES © ELECTRICAL MACHINERY 
RAIL CARS © HOME WATER SERVICE EQUIPMENT © FARM MACHINERY * MAGNETOS 
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SEWAGE AND INDUSTRIAL WASTES 


DOUBLE-X Pipe Is Easily Laid 


The above illustration shows an outfall sewer line at Dunedin, Florida, 
which was constructed of 20’’ American Double-X mechanical joint pipe. It 
extends about one quarter mile into St. Joseph Sound for disposal of the effluent 
from the sewage disposal plant. The assembled pipe line was floated out from 
shore with a bulldozer supplying the thrust at the shore end. 

Manufactured under rigid specifications in diameters 3” through 48”, Amer- 
ican Double-X pipe will stand the impact of heavy loads and gives complete 
job satisfaction. This pipe is manufactured in specific weights for specific 
laying conditions. You get the exact pipe your conditions require. American 
Double-X pipe is conveying water, gas, crude oil, gasoline, sour naphtha, sewage, 
salt brine—and in fact, just about everything that a pipe line can conceivably 
convey. It is conveying these products under operating pressures ranging from 
a few pounds to the square inch, up to pressures in excess of 100 pounds gas and 
500 pounds liquid. 

Being cast iron, American Double-X pipe enjoys an enviable reputation. 
Cast iron pipe has had over 300 years of service abroad and more than 100 years 
of service in the United States. It is satisfactorily serving in locations where 
especially severe external and internal corrosion conditions exist. 

A complete line of fittings for use with American Double-X pipe is available 
including transition pieces for inter-connecting with other types of joints and 
pipe. Branch stocks of both pipe and fittings are strategically located for your 
convenience. 


AMERICAN CAST IRON PIPE COMPANY 


Birmingham 2, Alabama 


Dallas Houston El Paso Pittsburgh Kansas City 
Chicago Minneapolis New York City Cleveland 
Los Angeles San Francisco Seattle Denver 
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SEWAGE AND INDUSTRIAL WASTES 


Positive protection against overloads —elim- 
ination of troublesome shear pins . . certain 
when Jeffrey “HYDROLESE” Hubs are used 
on the countershafts with sprockets keyed to 
them. 


The “HYDROLESE" Hub 


@ Can be adjusted to meet various load con- 
ditions. 


Can be provided with visual warning of 
overieod. 


e 
@ Can be readily reset. 
@ Will not burn up. 

* 


Will corry definite torque lood (Mox. 
20,000 Ibs.). 


All collectors in service at the Hyperion Sewage Treatment Works, City 
of Les Angeles, are “HYDROLESE” protected. 


Grit Washers Sludge Collectors This device has won wide favor in Sanitation 
Grit Collectors Sludge Elevators 


Cross Collectors Scum Removers 
Spiral Conveyors Bucket Elevators 


circles—132 units used on the Los Angeles 
job. Send for complete information. 


IF IT’S MINED, PROCESSED OR MOVED 
ITS A JOB FOR JEFFREY! 
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Bearings 
: Columbus 16, Ohio 
4 Gy sales offices and distributors 
in principal cities. 
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SEWAGE AND INDUSTRIAL WASTES 


View of Southwest Sewage Disposal Plant, of the Sanitary District of 
Chicago, Stickney, Illinois . . . where Clow Cast Iron Pipe was furnished 
to meet exact requirements. 


Clow cast iron pipe, fittings, valves 
and specials for sewage plant 
replacements or new installations 


@ James B. Clow & Sons with their many years of experience 
as manufacturers of Cast Iron Pipe and Special Castings for 
Filtration and Sewage Disposal Plants know the difficult 
piping problems that continually face the sanitary engineer. 
Clow shops are completely equipped with the latest machin- 
ery. Clow’s skilled workmen will produce pipe and specials 
to your exact specifications. Pipe can be furnished flange and 
flange, Hange and bell, flange and plain end or with mechan- 
ical joint and plain end— in sizes 3 through 24 inches in laying 
lengths up to 18 feet. 


CLOW (Threaded) Cast Iron Pipe 
Clow also manufactures (threaded) Cast Iron Pipe in steel 
pipe sizes 3 through 10 inches which has the same outside 
diameter as common steel pipe. This pipe can be cut, threaded 
and fitted on the job with ordinary tools of the piping trade. 


1878 —This is our Seventy-Fifth year— 1953 


and their National Cast Iron 
oN Pipe Division, Birmingham, Ala. 
JAMES B. CLOW & SONS Divion 
201-299 North Talman Avenue * Chicago 80, Illinois Eddy Valve Co.,Waterford, N. Y. 
lowa Valve Co., Oskaloosa, lowa 
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Journal of the Federation of Sewage and Industrial Wastes Associations 


Volume 25 June, 1953 Number 6 


Contents 
1952 Literature Review 


A Critical Review of the Literature of 1952 on Sewage, Waste Treatment, and Water 
Pollution. By FSIWA CoMMITTEE ON RESEARCH 


Industrial Wastes 

Water Pollution 

Significant Trends and Summary 
Sewage Works 


Rehabilitation of the Schenectady Sewage Treatment Plant. By Epwarp 8S. OrpWay 
Discussion by Morris M. COHN 


Algae Symbiosis in Oxidation Ponds. TIT. Photosynthetie Oxygenation. By WILLIAM 
J. OSWALp, H. B. Goraas, Harvey F. Lupwia, anp Victorta Lyncu 


Industrial Wastes 
1952 Industrial Wastes Forum 

The Operator’s Corner 
Selling the Public on Sewage Treatment 
Digester Scum Control at Syracuse, N. Y. 
Interesting Extracts from Operation Reports: Kenosha, Wis.; Delaware, Ohio 
Glass Elbow Eliminates Sludge Pumping Guesswork. By Henry J. RIEPING 
The Daily Log, New Britain, Conn. By JouHn R. SzyMANSKI 


Can Digester Recirculation Be Overdone? By Water A. SPERRY AND WILLIARD P. 
PFEIFFER 


Book Reports 


Proceedings of Member Associations 
Oklahoma Water, Sewage and Industrial Wastes Conference 
Georgia Water and Sewage Association 
North Dakota Water and Sewage Works Conference 


Equipment and Supply Lines 


W. H. Wisety, Editor, 325 Illinois Building, Champaign, Illinois 
HERBERT P. ORLAND, Associate Editor Dr. F. W. Montman, Advisory Editor 
BARBARA B. JACOBSON AND Mrs. A. H. Skates, Editorial Assistants 


_ Copyright, 1953, by the Federation of Sewage and Industrial Wastes Associations. Reprints from this publica- 
tion may be made only if permission of the Editor is secured and on condition that the full title of the article, 
name of the author and complete reference are given. The Federation assumes no responsibility for opinions or 
statements of facts expressed in papers or discussions published in this Journal 
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SEWAGE AND INDUSTRIAL WASTES 


Effective, two-stage, sewage sludge digestion involves far more than just a 
heated tank! There are four major — and interrelated — requirements. 


Here they are... and here’s what you need to meet them... 


1. Homogeneous mixing ___ 2. Simplified Sludge Heating 
and elimination of scum coor swoce 
= Te ENTERING 
ok Requires an efficient 


Calls for intensive mix- ’ r heat exchanger of sim- 
ing in the Primary by { - plified design with- 


a 
means of high-capac- out excessive and com- 
4 ity propeller and draft ' } plex instrumentation. 
CH | tube 


HEATED SLUDGE HOT WaTER 
LEAVING ~ ENTERING 


3. Adequate Gas Storage 4. Simplified Control 


Demands a Secondary 
equipped with a mov- 
able, steel dome gas 
holder to even out 
fluctuations and insure 
a constant supply to 
gas utilization equip- Requires a simple and automatic means of trans- 
ment. ferring sludge and liquor from the Primary to 
the Secondary at rate of feed. 


Most important of all . . . you need a balanced and integrated System to meet 
these needs economically. Not an expensive conglomeration of unrelated units. 

It will pay you to avoid the “piecemeal” approach. As proof, we suggest 
you compare the characteristics of Dorr Multdigestion* with any other diges- 
tion equipment. 


"Reg. US. Pot. OF 


RR 


INGINEERING + EQUIPMENT | 
THE DORR COMPANY + ENGINEERS + STAMFORD, CONN. 


Offices, Associated Companies or Representatives in principal cities of the world 


Ir = 

“Bitter tools TODAY to tomorrows domand 


1952 Literature Review 


A CRITICAL REVIEW OF THE LITERATURE OF 1952 
ON SEWAGE, WASTE TREATMENT, AND 
WATER POLLUTION 


By H. HEUKELEKIAN, Chairman, D. E. Bioopaoop, G. P. Epwarps, M. B. Er- 
TINGER, H. A. FaBer, W. H. Geum, D. D. R. D. Hoax, R. S. 
P. W. Kasier, M. Katz, V. W. Lanewortny, R. MANGANELLI, 

P. H. McGauuey, H. J. Mites, W. A. Moore, H. E. Orrorp, 

G. A. Ronuicu, C. C. RucuHort, N. H. Sanporn, L. R. Serrer, 

D. B. Smiru, H. A. Tresiter, AND L. W. Van 


Committee on Research. Section A, Federation of Sewage and 
Industrial Wastes Associations 


This is the second of two sections of the review. The first section, 
dealing with analytical methods, sewage, and radioactivity was 
published in the May, 1953, issue of TH1Is JoURNAL. 


INDUSTRIAL WASTES 


Cannery 
Treatment 


Pilot-plant studies of filter design 
and operation for the biological filtra- 
tion of sauerkraut and pickle wastes 
are reported by Haseltine (56). The 
author found that some factor or fac- 
tors other than B.O.D. loading ma- 
terially affect the B.O.D. reduction, 
but, if these factors could be elimi- 
nated, biological filtration would bé at 
least as effective in treating such 
wastes as it is in treating sanitary sew- 
age. It was concluded (a) that chlo- 
ride concentrations of up to 5,000 to 
6,000 p.p.m. had little if any effect 
on the biological efficiency, (b) that to 
provide maximum treatment of acidic 
wastes it is essential that the pH of the 
filter effluent does not fall below 6.6, 
and (e) that no correlation was found 
between recycle ratio and B.O.D. re- 
duction. The B.O.D. of the recyele, 
rather than the volume of recycle, 
should be considered. The B.O.D. of 


the recycle should be less than 40 per 
cent of the total applied B.O.D. 

Porges (103) studied the quantities 
of waste arising from potato chip 
plants. An average loss of 20 per cent 
by weight of potato is obtained, giving 
65 lb. of B.O.D. and 120 Ib. of sus- 
pended solids per 1,000 lb. of potatoes 
processed. 

Sanborn (124) describes the use of 
spray irrigation as a method for the 
disposal of cannery wastes on the basis 
of a study of a number of installations. 
Of the problems discussed, that of pro- 
viding an effective vegetative cover 
crop was found to be most important 
for the successful application of the 
spray irrigation method. Suggestions 
for utilizing disposal by spray irriga- 
tion in conjunction with lagooning are 
proposed for wastes produced during 
winter months. Nelson (86) describes, 
with a cost analysis, a spray irrigation 
system used to dispose of approxi- 
mately 24 m.g. of waste water from 
the canning of peas and corn. The 
spray irrigation disposal of fruit 
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wastes at one canning plant is de- 
scribed by Hicks (61). 

Eckenfelder (32) reports on a pilot- 
plant application of a high-rate biologi- 
cal sludge treatment of tomato and 
apple cannery wastes. The treatment 
process is conducted in three steps: (a) 
short-detention aeration of the raw 
waste in the presence of a large volume 
of an active biological sludge whereby 
organie matter is rapidly transferred 
to the sludge, (b) separation of the 
sludge in a clarifier, and (c) regenera- 
tion of the sludge in a ‘‘stabilizer’’ by 
aeration for a period of time sufficient 
to render the sludge capable of re- 
moving additional organic matter when 
returned to raw waste aerator. B.O.D. 
reductions of better than 85 and 90 
per cent were obtained with tomato 
and apple wastes, respectively, with 
comparatively low total treatment 
plant retention periods. 

Beidler (9) deseribes a combined 
screening, biological filtration, and 
lagoon treatment system for handling 
apple, cherry, and tomato wastes. 

It had previously been reported that 
removal of traces of citrus peel oil was 
necessary to avoid inhibitory effects 
in continuous methane fermentation of 
citrus wastes. Wolford, Patton, and 
MeNary (147) found naturally pro- 


duced alcohols made possible complete 
removal of inhibitory peel oil. 

The ferricyanide method of deter- 
mining sugars was found to be appli- 
cable to the determination of total and 


canning 
domestic 


citrus 
presence of 


reducing sugars in 
wastes in the 
sewage (148). 


Recovery 


A method is described for producing 
a dry animal feed from the solid wastes 
from the canning of tomato juice or 
tomato products (38). Drying is done 
in a direet-fired rotary alfalfa drier. 
It is proposed that the press liquor be 
concentrated by submerged combus- 
tion and added to the press cake. Since 
the cost of recovery is expected to ex- 
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ceed the value of the feed produced, 
the process would be adopted only as 
a means of waste disposal. 


Reviews 


Rudolfs and Heukelekian (115) re- 
view the known methods for the treat- 
ment of cannery and other food wastes. 
Von Loesecke (137) reviews the meth- 
ods for the disposal, treatment, and 
utilization of solid and liquid wastes 
from the citrus fruits industry. The 
treatment of citrus canning wastes and 
eurrent experimental projects is re- 
viewed by Wakefield (140). Wisniew- 
ski and Sherow (146) review the de- 
velopment of lagoons for cannery waste 
disposal and discuss the various odor 
control measures which have been tried. 


Dairy 


The interest in waste saving and 
waste utilization continues, but no 
really new ideas have been published 
during the year. Some new data on 
milk savings by Rugaber (121) confirm 
previous findings by others. Sehwarz- 
kopf (126) published additional data 
on milk can draining. 

The preference for dairy waste treat- 
ment by activated sludge processes 
over other methods is continuing. 
Harding (54) gave new data in regard 
to a plant at Springdale, Conn. Hauer 
(58) gave additional data in regard to 
the Huntley and Chemung, III., plants. 
The plants themselves have been de- 
scribed previously by others. Thayer 
(131) diseussed design features of 
aeration plants based on previously 
published data. 

Hoover, Porges, and associates have 
continued their laboratory studies on 
dairy wastes. The oxidation of skim 
milk, casein, and lactose by aerated 
sludge was studied by measuring the 
evolved CO, both titrimetrically and 
manometrically (101). Under the eon- 
ditions of their experiments, the CO, 
evolution was not markedly increased 
by the addition of NaNO.,, possibly be- 
cause the high organic nitrogen content 
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of the mixture did not favor the growth 
of microorganisms capable of utilizing 
nitrate nitrogen (102). 

By following the biochemical oxida- 
tion (continuous determination of the 
oxygen content by polarographic meth- 
ods and by analysis of the microbiologi- 
cal sludge) the chemical equations for 
conversion of lactose, casein, and skim 
milk solids to microorganisms in an 
activated sludge process were estab- 
lished (64). <A similar equation was 
established for the endogenous respira- 
tion of the sludge, so that finally a good 
quantitative picture of the biochemical 
oxidation of milk waste was obtained. 
This undoubtedly will prove helpful in 
designing new disposal plants and in 
improving the performance of existing 
installations. 

They found (101) that the rate of 
endogenous respiration (aerobic auto- 
digestion) of dairy waste activated 
sludge is very low. For instance, the 
sludge produced by the oxidation of 
1,000 p.p.m. skim milk solids consumes 
3 to 4 p.p.m. oxygen per hour. The 
same culture in the active growth stage 
consumes oxygen at a rate of 40 to 45 
p.p.m. oxygen per hour. Consequently, 
it appears that if a plant is to be de- 
signed to ‘‘burn up’’ the excess sludge 
by aeration, one either has to recircu- 
late a very high proportion of the 
sludge or provide relatively long re- 
tention in the aeration tank, or con- 
centrated excess sludge has to be 
aerated for a long time in a separate 
tank. As a matter of fact, slow agi- 
tation might supply sufficient oxygen 
to maintain aerobie conditions in the 
separate sludge tank. It remains to be 
seen if this will be more economical 
than the use of conventional anaerobic 
digestion. 

Pien (100) felt that if full advantage 
is taken of the oxidizing ability of 
streams, it is not necessary in most 
eases to treat dairy wastes, which, of 
course, is true if the dairy plants are 
small enough and the streams provide 
sufficient reaeration, which may be the 
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case in the area considered. A wealth 
of experimental data is given on stream 
reaeration and auto-oxidation of milk 
waste containing various percentages 
of whey under simulated stream con- 
ditions. The importance of flow 
equalization and of keeping the waste 
cool and fresh before discharge to the 
streams is stressed. Suspended matter, 
if any, is sometimes removed by filtra- 
tion through a layer of peat, which is 
frequently renewed. In cases where 
additional treatment is required, chem- 
ical precipitation with alum and lime 
is recommended with or without subse- 
quent filtration through peat. It is 
difficult to see where this would be any 
simpler or cheaper than the aerated 
sludge treatment used in the United 
States, but conditions may be different. 


Beet Sugar 


Black and McDermott (14), in a 
broad review of the beet sugar waste 
problem, indicate that new techniques 
of sugar production with re-use of the 
process water should greatly aid in the 
amount of sugar produced while re- 
ducing the over-all cost of operation. 
Fleming (42) indicates that a modern 
plant can reduce its waste load, but 
that the increased cost of operation 
does not yield any net revenue from 
the increased sugar production. Niles 
and Frook (89) discuss the treatment 
of wastes from the production of mono- 
sodium glutamate (a concentrated Stef- 
fen’s filtrate by-product). The wastes 
have high organic matter and chlorides. 
They will not digest alone, but may be 
digested with sewage sludge at the 
municipal treatment plant. 


Chemical, Pharmaceutical 


The waste treatment problems of 
the Willow Run, W. Va., and Pearl 
River, N. Y., plants of the American 
Cyanamid Co. are described (20) (136). 
The antibiotic wastes are strong, but 
are treated biologically. The sludge 
is high in ash, because of filter aid, 
and is dewatered directly. In Britain, 
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penicillin wastes (35) (142) have been 
successfully treated in the city sewage 
treatment plant by storing the wastes 
during the day and discharging the 
strong liquor during the night. Some 
recirculation of the filter effluent was 
found to be helpful, but enlargement 
of the plant was needed for handling 
the entire waste load. After labora- 
tory studies (66), a trickling filter 
plant was built to treat penicillin and 
streptomycin wastes from the Upjohn 
Co. plant at Kalamazoo, Mich. The 
sludge is digested, but with difficulty 
and with elimination of the filter cell 
from the plant infiuent. Permissible 
digestion loadings are low. 

Rostenbach (109) gives a review of 
the condition of the synthetie rubber 
industry with some comments concern- 
ing waste disposal from the various 
plants scattered over this country. 

Laboratory studies by Eden, Freke, 
and Melbourne (33) on the treatment 
of waste waters containing hydrogen 
peroxide, hydrazine, and methyl al- 


cohol have shown that lime, with cop- 
per ions as the eatalyst, brings about 


mutual interreactions. These inter- 
reactions lead to large reductions in 
concentrations of the undesirable com- 
ponents. 

In a review article, Hess and Carney 
(60) discuss the policies of the organic 
chemicals manufacturing industry. 
All the common devices for reducing 
stream pollution are used, for the or- 
ganic industry started as a by-products 
industry. Waldmeyer (141) reports 
that wastes with formaldehyde are first 
lagooned to iron out concentration vari- 
ations, then treated with activated 
sludge, and finally with a trickling fil- 
ter. Purification amounts to 75 per 
cent by the oxygen absorbed test, 
whereas the B.O.D. appears to increase. 

Taylor, in laboratory experiments 
(130), reports on the study of activated 
carbon, bromine, and ozone for improv- 
ing a sewage with toxic industrial 
wastes. O.C. results indicate a con- 
siderable reduction, whereas B.O.D. 
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tests were set up but not reported. 
Thus, it is not known whether the ear- 
bon or chemicals were effective in aid- 
ing biological treatment of the sewage. 

Greene (50) discusses the problems 
of ammonia soda wastes manufacture. 
Present practice indicates lagooning, 
with eventual disposal of the liquid 
containing a rather large amount of 
sodium and calcium chloride. The 
yearly production of calcium chloride 
is many times the present yearly use of 
this salt. The Ohio location does not 
provide an underground formation for 
economical use of disposal wells. 

As reported by Grindley (51) the 
disposal of the effluent in DDT manu- 
facture required the change, in part, 
from caleium to sodium hydroxide to 
eliminate an excessive sludge problem 
at a small sewage disposal plant. More 
calcium ions were removed with sodium 
carbonate and all DDT itself was care- 
fully precluded from the drains. 
Some concentrated acids had to be tank 
trucked to an estuary; chlorine in the 
waste water was recovered for sale as 
domestic bleach. Reports of wartime 
experience in handling wastes from a 
shell loading plant using di- and trini- 
trophenol are given by Wilkinson 
(145). The trinitrophenol (pieric 
acid) is less toxie than the dinitro- 
phenol, but 20 p.p.m. of the mixture of 
shellite could be tolerated in the town’s 
sewage treatment plant. 

Kremer (69) reports that wastes 
from a metalworking plant manufac- 
turing Army tanks require a high 
degree of treatment. Cyanides are 
alkaline chlorinated, the eutting oil 
emulsions being broken with ferric sul- 
fate at pH 6.5. 

The General American Transporta- 
tion Corp. (52) must clean out tank- 
ears between each use of the ear. 
Steam is used in cleaning the cars. 
The oils and acids are removed by ad- 
sorption on powdered soft coal. A 
trickling filter is used as the last step. 
A report of the first year of operation 
(53) indicates that results have been 
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satisfactory. The production of com- 
mercial sulfuric acid from the treat- 
ment wastes of iron and titanium pig- 
ment plants is described by Bar- 
tholomew (8). The iron is roasted to 
ore and the acid is recovered for re-use. 

Because of the high cost of treating 
waste from a small percentage of the 
corn processed by the American Maize 
Products Co. (135), the process of 
handling corn was changed at a cost 
of $850,000. This large investment 
will be largely recovered by the in- 
creased yield of the corn to be sold and 
the reduced cost of treating the waste 
load. 


Fermentations 


Mixed distillery wastes consisting of 
three-fifths slop are being sprayed from 
rotary gun-type distributors at the rate 
of 3,780 g.p.a.d. over a deeply plowed 
ground in France. The seepage into 
the stream did not create pH, turbid- 
ity, or odor problems and did not affect 
the fish life (107). 

A review of American practice, by 
Boruff (19), shows that most of the 
concentrated fermentation wastes are 
used for feed, either directly or after 
drying. The dilute wastes are treated 
as necessary in high-rate aerobic treat- 
ment devices. With dilute distillery 
wastes, Davidson and Brown (27) re- 
port that anaerobic digestion for 10 to 
20 hr. is very effective in reducing the 
B.O.D. by an average of 80 per cent. 
Trickling filter plants installed by the 
company at several plants have been 
effective, but too expensive. 


Packinghouse 


Mohlman and Hill (79) have re- 
viewed the status of the industrial 
wastes from packinghouses. 


Textile 


Studies on the activated sludge treat- 
ment of flax retting wastes, with 20- 
day B.O.D.’s of 5,000 p.p.m., have 
been reported (91). The retention 
period in the aeration tank was 36 hr. 
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Nemerow (87) describes the dyes used 
in the industry and tells about the 
other chemicals used in the process of 
dyeing. He describes the method of 
approach to the problem of the Salis- 
bury Cotton Mill, Salisbury, N. C. 
The treatment plant designed as a re- 
sult of the study consisted of mechani- 
cal bar racks, combination preaeration 
flocculation and primary clarifier, 
chemical feed and flash mixer, high- 
rate trickling filter, secondary floccula- 
tion and sedimentation, final chlorina- 
tion, sludge digestion, and sludge 
nitrifying aeration basin to receive 
secondary sludge and digester liquor 
with return of the material to the fil- 
ters. 

Sabnis (123) reports on preliminary 
experiments on the treatment and dis- 
posal of concentrated kier liquor and 
dye waste waters, saying that recovery 
of materials and re-use of liquors is 
not economical. The statement is made 
that iron salts and ealeium chloride 
are satisfactory for removal of color 
and suspended solids. 

Bogren (18) gives information on 
the characteristics of cotton finishing 
wastes and describes the layout of 
trickling filters and secondary settling 
to supplement the present facilities of 
the Sayles Finishing Plants mill at 
Saylesville, R. I. 

The ‘‘acid’’ waste from a viscose- 
rayon factory is treated by neutral- 
ization and settling and the alkaline 
sulfide wastes are treated by biofiltra- 
tion. The two treated effluents are 
mixed and chlorinated before discharge 
(65). 

Nemerow (88) states that the main 
dyes used in the textile industry are 
(a) direct colors, (b) sulfur colors, 
(ec) vat colors, (d) acid colors, (e) de- 
veloped colors, (f) naphthanol colors, 
and (g) acetate colors. He gives the 
main constituents and the pollutional 
characteristics of each of the dyes, and 
further says that textile wastes must 
be equalized, neutralized, discharged 
in proportion to sewage in municipal 
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systems, decolorized, and have the or- 
ganic solids removed before discharge 
to the receiving stream. 

Foote (43) relates that at New 
Haven, Conn., the waste waters from a 
dye plant were found to have a very 
high chlorine demand due to the 
sodium sulfite and the sodium hydro- 
sulfite used as reducing agents in the 
dye. 


Tanning 


Harnly (55) has listed the location 
of the 448 tanneries in the United 
States. A review of the waste prob- 
lems of the tanning industry is given 
and, in addition, methods for process 
changes that will reduce waste quanti- 
ties. 

A tannery at Bolivar, Tenn. (20), 
mixes wastes with domestic sewage be- 
fore sedimentation and eventual dis- 
charge. Ferric sulfate is used to con- 
trol odors and some chrome liquors 
are recharged and re-used. 

Henning (59) listed stream pollution 
legislation that has an influence on the 
operation of tanneries. Thorstensen 
(132) has indicated that there are ways 
that the tanning industry can prevent 
stream pollution. 

Foster (44) describes the pretreat- 
ment of the waste from a chrome tan- 
nery in Scotland by aeration and the 
addition of coppers prior to discharge 
to the city sewers. 


Wool Scouring 


McCarthy (75) reported on the use 
of calcium chloride in the treatment of 
wool scouring wastes and others con- 
taining soaps or syndets. The results 
of full-scale operation of several plants 
are given. In general, B.O.D. remov- 
als of full-scale operation are better 
than in the original laboratory experi- 
ments, often averaging more than 50 
per cent removal. Most mills prefer to 
use calcium chloride alone instead of 
a combination earbon dioxide and eal- 
cium chloride treatment, even though 
chemical costs are higher. Gernet (46) 
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reviews patented chemical and me- 
chanical methods of obtaining wool 
grease from scouring liquor and for 
cleaning of the liquor for re-use. 

Evans and Winsor (39) have re- 
ported that wool scouring wastes pro- 
duced by synthetic detergents can be 
cracked or reclaimed at the factory 
by adding a solution of aluminum sul- 
fate prior to acidification. 


Brines 


Orsanco (92) has published a special 
report on pollution of the Muskingum 
River by two companies processing 
natural brines on the headwaters. <A 
survey disclosed that the brines af- 
fect the entire length of the river, and 
that the chloride concentration fluc- 
tuates widely. The Muskingum raises 
the chloride content of the Ohio River 
to 47 from 21 p.p.m., equivalent to 
about 1,000 tons per day. If uncon- 
taminated by brines, the Muskingum 
could be used as a source of water sup- 
ply by a population of 125,000. <Al- 
though there has been considerable re- 
search on the problem, no practical 
solution has been found. Orsanco rec- 
ommends further research by the com- 
panies involved, possibly in the direc- 
tion of basic process changes. Either 
electrolytic production of caustic soda 
and chlorine or subsurface disposal 
might be feasible. 


Oil Refineries 


The history of waste treatment in 
the refining industry was reviewed by 
Weston (144). The American Pe- 
troleum Institute has (a) sponsored re- 
search, which resulted in a standard 
design for gravity separation of oil 
from water; (b) investigated the ef- 
fects of refinery wastes on bacteria; 
and (¢c) published a manual of good 
practice in handling chemical wastes. 
Weston’s paper contains a detailed 
flow sheet of refinery waste waters and 
seven diagrams of recovery processes. 
It was emphasized that waste treat- 
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ment is now considered a basic factor 
in design of all new installations. 

Gothard and Fowler (47) outlined 
the pollution abatement program of 
Sinelair Refining at Indiana Harbor, 
Ind. The principal items were (a) 
separation of sanitary sewage from re- 
finery waste, (b) minimizing waste- 
water volume by using cooling towers 
and recycling water, (c) installation of 
API separators for the reduced water 
volume, and (d) treatment of heavily 
polluted water at its source. The API 
separator has been recovering 638 bbl. 
of oil per day for an average removal 
of 97.5 per cent. Process waste water 
has been kept to a minimum by econ- 
omy campaigns, plus some remodeling. 
Effluent volume averages 5,000 g.p.d.; 
it would be 100,000 g.p.d. without cor- 
rective measures. 

The theory of gravity separation of 
oil was discussed by Simonsen (127). 
The so-called ‘‘basic’’ chamber of the 


API design depends upon an oil parti- 
cle 0.02 em. in diameter rising to the 


surface by the time an influent unit of 
water reaches the outlet. In practice, 
a basic chamber should be followed by 
a secondary chamber 1.4 times as long, 
if maximum separation is to be at- 
tained. Sohio, at Toledo, installed two 
series of 10 secondary basins in paral- 
lel, with both series supplied by an in- 
fluent channel that serves as a primary 
separator. This has worked well and 
avoids use of the film rupture chamber, 
which has often been a source of oper- 
ating trouble. 

Soluble and insoluble eutting oils, 
and steam cleaning and paint spray 
solutions are successfully treated as 
outlined by Solms (129). Emulsions 
are broken with Fe,(SO,),, plus 
H.SO, to maintain low pH. Oil and 
sludge are separated in a clarifier. 
Effluent is treated in a Cyelator with 
Fe,(SO,)., lime, and activated silica 
for final clarification, and finally is 
chlorinated. Bloodgood and Kelleher 
(17) reported results of a basie study 
of emulsion-breaking with lime. They 
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found that oil can be removed from 
hard-water emulsions with lime alone. 
Flocs formed in place, such as CaCO, 
or Fe(OH)., can absorb all the freed 
oil if sufficient chemicals are added. 
A bench-scale study of an activated 
sludge process for treating refinery 
effluent was described by Coe (24). 
Using 1,500-ml. aerator-settlers, and 
starting with domestie sewage to which 
the waste was added in gradually in- 
creasing proportion, he used feed rates 
of 1.4 to 6.3 ml. per hr., 0.1 eu. ft. of air 
per min., and aeration periods of 4 
to 18 hr. at room temperature. Con- 
dition of floe was judged by sludge 
volume index and rate of increase of 
floc in the aerator. An index of 50 to 
125 ml. per g. was usual; values above 
125 indicated overloading and/or low 
pH of feed. Porous glass dises were 
used in aerators; frothing was con- 
trolled with D-C Antifoam A. Re- 
movals from wastes averaging 100 
p.p.m. phenol, 1,100 p.p.m. B.O.D., and 
500 p.p.m. O.C. were 90 to 95 per cent, 
90 to 95 per cent, and 73 to 77 per cent, 
respectively. It was possible to oper- 
ate without sludge removal because 
rates of floc growth and deterioration 
were roughly equal and small. Blow- 
ing refinery effluent without sewage 
for about two months yielded a readilv 
settleable floc. Degnan, Merman, and 
DeMann found that catalytic 
cracker water, spent caustic, and 
methyl ethyl ketone could be success- 
fully treated in bio-filters if proper 
temperature, loading, and recycle rate 
were maintained. At 85 to 90° F., 80 
to 85 per cent of phenol and B.O.D. 
could be removed, but removal rate 
decreased with temperature, dropping 
to 15 per cent at 55° F. B.O.D. re- 
moval increased with concentration of 
feed, becoming constant at 62 per cent 
for 350 p.p.m.; C.O.D. (O.C.) curves 
were similar. Increased phenol con- 
centration reduced removal; at 40 
p.p.m. it was 48 per cent, at 200 p.p.m. 
9 per cent. A 4:1 recycle rate gave the 
best practical result. Oil below 100 
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p.p.m. and sulfide below 10 p.p.m. had 
little effect. Biehl (10) briefly re- 
viewed methods for treating phenolic 
wastes, and found all less satisfactory 
than multi-stage countercurrent liquid- 
liquid extraction (11)(12). Using a 
Scheibel column with a 75-25 mixture 
of aromatic and paraffinic hydroecar- 
bons in a 2:1 solvent/waste ratio, he 
reduced phenol in catalytic cracker 
accumulator water to 0.2 p.p.m. from 
200 p.p.m. Spent solvent was re- 
venerated in an H.S stripper and re- 
turned to the column. Since flow of 
waste and solvent is continuous and 
adjustable, the equipment is adaptable 
to various rates and ratios. 

A process for making (NH,).SO, 
from acid sludge and waste NH, was 
described by Fox (45). Sludge and 
ammonia are fed continuously to a 
reactor discharging to an oil separator 
from which the clear liquor flows to an 
evaporative crystallizer. Steam and 
H.S pass from the reactor to a con- 
denser; the HS goes to a Claus sulfur 
recovery plant. When acid in the 
sludge exceeds about 30 per cent no 
heat is needed by the erystallizer, 
which is operated at 150° F. and 3 
p.s.l. (abs.) Vacuum is held constant 
by controlled condensation of evapo- 
rated water. Cold mother liquor from 
the sulfate filter is recycled to the re- 
actor to heat from the exo- 
thermic reaction. This process elimi- 
nates a disposal problem, conserves 
natural resources, and provides a new 
source of revenue. 


absorb 


Coking 

A detailed account of the origin of 
gas works liquor and the pollutants 
it contains was published by Badger 
(6). In Britain, controlled discharge 
of liquor to sewage treatment plants is 
considered the simplest and most satis- 
factory disposal method. The liquor 
should be low in thiocyanates and 


polyhydrie phenols, and ammonia, sul- 
fides, and cyanides must be removed 
by distillation. 


In some cases addi- 
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tional purification may be necessary. 
In general, spent liquor of reasonable 
quality can be oxidized with sewage 
if it does not exceed about 0.5 per cent 
of the sewage flow. <A smaller pro- 
portion of crude liquor can be handled 
because of the extra load of ammonia 
and sulfide. 

The results of a cooperative pilot- 
plant study of oxidation of ammonia 
still waste with chlorine, chlorine diox- 
ide, and ozone were reported (93) (22). 
The plant was designed to treat 2 
g.p.m. of waste continuously, or 350- 
gal. batches. The principal findings 
were as follows: Phenol can be oxidized 
by any of the three agents, and local 
conditions will decide which is best; 
substantial reductions occurred with 
small dosage of each oxidant, but in- 
creasingly larger amounts were re- 
quired as phenol was reduced further; 
B.O.D. and O.C. were reduced 60 per 
cent by each agent; phenols represent 
only part of the oxygen demand of 
still waste; temperature must be below 
45° C. for chlorine, to avoid formation 
of chlorates; chlorine requires pH of 
7 to 10; with chlorine, ammonia must 
be completely destroyed before phenols 
will be attacked, and all phenol must 
be oxidized to prevent chlorophenol 
odor; chlorine causes an increase in 
chlorides in direct proportion to 
amount used, chlorine dioxide causes 
a small increase, ozone none. The re- 
port contains three schematie flow 
sheets and five tables of data. 

A large-scale experiment at Gary 
(74) demonstrated that ammonia still 
waste can be successfully treated with 
sewage by activated sludge. The test 
was started with a uniform load of 200 
lb. phenol per day in 43,000 gal. of 
waste; flow was gradually increased 
until full load from the U. S. Steel 
coke plant was handled in 40-fold 
dilution with raw sewage. Although 
the run was made during the winter 
months and the phenol load fluctuated 
over a wide range, an average of 97.3 
per cent removal was attained. It was 
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concluded that up to 25 p.p.m. of 
phenol in sewage could be completely 
destroyed, provided substanees toxic 
to aerobic process did not build up; 
solids in mixed liquor and air supply 
must be increased; sludge return rate 
must be raised if air is to be kept to a 
minimum. Mogelnicki commented that 
the most significant aspect of the work 
was industrial-municipal cooperation, 
On the basis of work by Dow Chemical, 
he did not agree that higher solids were 
needed or that more air had to be 
used. Blackburn, Tomlinson, and 
Summers (16) summarized an investi- 
gation by Water Pollution Research 
covering disposal of spent gas liquors 
on trickling filters, and separation of 
the liquor into fractions to determine 
the effect of each on sewage treatment. 
Addition of spent liquor to sewage in 
excess of 0.5 per cent by volume caused 
a significant deterioration in effluent 
chemical quality and some increase in 
color in a large-scale test. Trials with 
fractions of crude liquor were made on 


small filters (1-ft. diameter). They 
found greatest deterioration in efflu- 


ent quality with fractions containing 
(a) thiocyanates, ammonia, and _ or- 
ganic substances not extracted by 
methyl isobutyl ketone, and (b) ecar- 
boxylie and ‘‘humic’’ acids. Polyhy- 
drie phenols caused noticeably lower 
effluent quality (as measured by oxy- 
gen absorbed from permanganate) 
than monohydrie phenol, but effect of 
both on B.O.D. was similar. 
Cummings and Morton (26) com- 
pared the Metasolvan and Phenosolvan 
processes with glycerol, triethylene gly- 
col, and methanol for phenol extrac- 
tion. They report that non-aqueous 
extraction of hydrocarbons with gly- 
cerol achieves most complete separation 
of phenol. With glycerol in 1:1 ratio, 
two theoretical stages will reduce 
phenol to 0.25 per cent from 25 per 
cent, yielding up to 99 per cent pure 
phenol. The paper gives ternary solu- 
bility data and diagrams for glycerol 
and triethylene glycol with phenol and 
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hydrocarbon at 20°, 40°, and 60° C. 
A questionnaire (3) disclosed that sev- 
eral new laws for protection of water- 
ways in Britain were expected to be 
enforced strictly, and that the same 
situation may develop in France and 
Belgium. Elsewhere abroad, such leg- 
islation as exists is not very effective. 
Dephenolizers are extremely rare ex- 
cept in Britain, where they are neces- 
sary to reduce the load on sewage 
plants or to prevent stream pollution. 

In comments (15) on a paper by 
Cooper and Bouch (Ref. 36, Review for 
1951) proposing destruction of toxic 
substances in still waste with HNO, 
and recovery of 90 per cent of the acid 
for re-use, the importance of the work 
was recognized, but its economics and 
technology were questioned. Loss of 
HNO, by nitration of phenolics, and 


production of HCN were cited. It was 
suggested that destruction of com- 


pounds in ammonia liquor was wrong: 
recovery methods should be studied 
instead. It was thought that disposal 
to sewage plants was not a good an- 
swer, because of tendency to concen- 
trate gas manufacture in a few areas, 
with consequent overloading of treat- 
ment works. It was pointed out that 
oxygen consumed reduction was not 
synonymous with purification. Cooper 
responded that both absorption of 
HNO, by phenols and high residual 
acidity could be minimized. 

Although many trials of gas liquor 
as a fertilizer (2) have been made 
during the past 15 years, transporta- 
tion costs and operating difficulties pre- 
vented any advance until recently. 
The problem of rapidity, accuracy, 
economy, and timing of application ap- 
pear to have been solved. Use of 400 
gal. per acre on grassland from Febru- 
ary to October gave high yields of 
grass with increased protein and rapid 
growth. The liquor persists in the soil 
after a wet season better than am- 
monium sulfate. Hazards to health in 
the coking industry were discussed by 
Ragan (104), who found potential 
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danger of pneumoconiosis from coal 
and silica dust, cancer from exposure 
to aromatics, dermatitis from tar and 
its derivatives, benzene narcosis, and 
eancer of the bladder from napthyl- 
amine, aviline, and benzidine. Only a 
small proportion of workers are af- 
fected by these disorders, but all are 
preventable. Presence of phenol in 
waste water (1) from reclaiming rub- 
ber by digestion with NaOH and plas- 
ticizers resulted in a successful treat- 
ment process. The waste is coagulated 
with copperas and settled, the pH is 
adjusted to 7 with lime, and the liquor 
is pumped through the injector of a 
chlorinator. Phenols are completely 
destroyed and the waste is partly de- 
colorized. Effluent is combined with 
an acid waste to neutralize it. The 
plant cost $90,000 and treats 60,000 
e.p.d. of alkali and 250,000 g.p.d. of 
acid waste. Final effluent is passed 
through an upflow limestone bed. 


Plating 


A report was made by Zabban, 
Dodge, and Walker (149) on progress 
under Project No. 10 of the American 
Electroplaters Society. Dodge and 
Zabban (30) presented details of Part 
IV of Project No. 10 on bateh volatili- 
zation of HCN. The principal conclu- 
sions of the paper are that more than 
99 per cent of simple eyanides are 
present as HCN as pHl 6.5, the zine 
complex begins to break down at pH 
6.9, and the copper complex at pH 4.5. 
Platine solutions should be acidified 
to pH 3.5 to insure volatilization of all 
cyanide in the shortest time. The 
paper contains 7 tables of data and 19 
plots. The same authors (31) pub- 
lished an addendum to Part III, which 
points out that where Rochelle salt is 
present in solutions treated with hypo- 
chlorite in the absence of sufficient 
calcium, a tartrate complex prevents 
complete precipitation of copper. 
Where Ca stoichiometrically equivalent 
to tartrate is present, precipitation is 
complete. If carbonates or other sub- 


stanees forming insoluble compounds 
with Ca are present, the Ca require- 
ment is increased in direct proportion. 
Eden and Wheatland (37) studied the 
effect of temperature and hypochlorite 
on hydrolysis of cyanogen chloride in 
alkaline solution. Hydrolysis appeared 
to be a pseudo-first-order reaction at 
pH 11. The velocity constant at pH 
11 in solution of 0.15 ionic strength was 
530 1. per mol min. at 25° C.; the 
change in rate between 0° and 30° C. 
was in agreement with Arrhenius’ 
equation for a reaction with an energy 
of activation of 12,400 cal. Hypochlo- 
rite accelerated the reaction at pH 11, 
the increase in velocity constant being 
proportional to the concentration of 
available chlorine. 

When the load increased on a plant 
using gaseous chlorine for destruction 
of eyanide, Roy (110) found an ad- 
vantage in using sodium hypochlorite 
with a catalyst instead. Increased re- 
action rate, continuous operation, and 
proximity of a source of hypochlorite 
were favorable factors. It may be 
possible to eliminate the (unidentified ) 
catalyst. Eden, Hampson, and Wheat- 
land (34) observed that when an excess 
of hypochlorite is used to destroy eyan- 
ide, the excess is not taken up directly 
but agrees closely with the amount 
needed to form the nitrate that appears 
in the products of the reaction. Cyan- 
ogen chloride was completely removed 
at pl 8.9 to 9.9 from a solution origi- 
nally containing 30 to 45 p.p.m. by 
adding hypochlorite equivalent to 0.5 
atom per g. mol eyanogen chloride; 
at pH & or less it persisted a long time 
if only a moderate excess of hypochlo- 
rite was present. Simple cyanides, 
zine, and cadmium complexes were de- 
stroyed completely at pH 11 if 2 g. 
atoms of available chlorine are added 
per g. mol of cyanide; potassium nic- 
kelocyanide was not removed in 2 hr., 
even with a large excess of hypochlo- 
rite; potassium ferrocyanide was not 
oxidized by hypochlorite in strongly 
alkaline solution. They determined 
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that 50 mg. CNCI per e.c. of air was 
the maximum concentration tolerable 
by man without harm. This concen- 
tration would be found in air in equi- 
librium with a solution containing 2 
p-p.m. CNCI at 20° C. Alkaline chlo- 
rination was decided upon by Car- 
michael (21) to destroy 25 p.p.m. of 
cyanide in a solution containing H,SO,, 
(NH,).SO,, and some organic ma- 
terial. Because the organie matter 
could not be destroyed without first 
consuming all the NH., it was elimi- 
nated at its source. The chlorine de- 
mand was then found to be within 10 
per cent of the theoretical requirement. 
A list of equipment and instruments 
is given for a continuous plant. Lose 
(72) used aeration to reduce the cya- 
nide content of a waste water to 1 
p.p.m. The waste is then stored in a 
large lagoon, from which it discharges 
through an automatie alkaline chlorina- 
tion plant. 

Keller, Cupps, and Shaw (68) de- 
scribed waste recovery in a plating shop 
where only 5.7 per cent of the chromium 
used was actually deposited on bumper 
bars, due to excessive dragout. By 
using air jets to blow off initial rinse 
water, and water sprays plus air jets 
following the plating tank, loss was 
greatly reduced. The stock was rinsed 
in a tank that does not overflow, with 
water from this tank supplying the 
water sprays. Drainage from the spray 
tank is concentrated by evaporation 
and returned to the plater. The recov- 
ery plant cost $10,000, but it paid for 
itself in three months, even though 
operating costs are $500 per month. 
Hathaway (57) described a glass-lined 
steel evaporator used to concentrate 
rinse water from a chromium plating 
line. The concentrate is returned to 
the plater, the condensate to the rinse 
tank. The evaporator is operated under 
26 in. Ilg induced by a steam exhauster 
requiring 415 lb. of steam per hr. at 
75 p.s.i. 

Copper and brass pickling results in 
considerable rinse water of variable 
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composition. McGarvey, Tenhoor, and 
Nevers (77) prefer using ion exchange 
in the hydrogen cycle for recovery of 
Cu and Zn, because H,SO, regenerant 
can be re-used in the pickler. They 
note that the major factor influencing 
recovery of these metals is the relative 
amount of Ca and Mg in the raw water. 
Where elimination of the metals with- 
out recovery is desired, the sodium 
eycle should be used because of higher 
capacity of resin, lower sensitivity to 
total hardness, more complete removal 
of Cr, and lower acidity. Details of 
the investigation are given, including 
economic evaluation. Fadgen (40) re- 
viewed the fundamental basis of ion ex- 
change and gave detailed data for the 
economic analysis of recovery of Cr, 
Ni, and Cu. In another paper (41) 
he discussed a variety of practical 
problems where ion exchange is used 
to treat wastes containing Cr, Ni, Cu, 
and a number of anions. Paulson (97) 
(98) (99) points out that until recently 
ion exchange could not be used for 
recovering Cr from anodizing waste 
water because the resins were not suf- 
ficiently resistant to oxidation. An 
aircraft manufacturer now operates a 
recovery plant on water containing 50 
to 70 g. CrO, per 1. at pH 0.7 to 0.9. 
Each day a portion of the bath is 
passed through a high-capacity cation 
exchanger, which replaces the dissolved 
Al with H +; the effluent is returned 
to the anodizer. The paper gives many 
details of the operation. Armstrong 
(5) discusses another installation of 
the same type, and reports a saving of 
$1,700 per shift per year. 

McGarvey (76) deseribed the char- 
acteristics of a number of exchange 
resins and gave details of operation on 
several anion and cation recovery prob- 
lems, with data on capacities and eco- 
nomics. Reents and Stromquist (106) 


reviewed recovery of chromate by ion 
exchange, and reported experimental 
data showing that recovery from rinse 
water could be accomplished for roughly 
one-half the cost 


of disposal. They 
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state that recovery of Ni is simple 
compared to chromate, but that it is 
not economically worth-while to attempt 
recovery of Cu and CN by ion ex- 
change. Graham and Pinkerton (48) 
discussed waste treatment from the 
electroplater’s viewpoint, and_ de- 
scribed the great diversity of opera- 
tions in the plating industry. They 
said that more information is needed 
on practical analytical controls and on 
the effect of plating waste on sewage 
treatment. 

An actual plan for remodeling a 
plating shop was presented by Lancey 
and Hanson (70). The plan is based 
on Lancey’s ‘‘integrated waste treat- 
ment principle’’ (ef. ref. 86, Review 
for 1951). Orsaneo (94) has pub- 
lished a manual describing practical 
methods for reducing dragout losses, 
for effective rinsing, preventing leaks 
and losses, and salvage of spent baths. 
Sanders (125) described conversion of 
a former domestic sewage treatment 
plant into one for treating waste water 
containing emulsified oils, floating oil, 
solvents, CrO., and small amounts of 
a number of metal ions. Murdock (81) 
recalled that the Naugatuck river con- 
tained 10 to 25 p.p.m. Cu in 1914. He 
found that use of this water accelerated 
oxidation of reclaimed rubber. One- 
third of the copper and brass products 
made in the United States are manu- 
factured in this valley, and there are 
about 100 small plants that process 
non-ferrous goods. Waterbury has 
contracted for a primary sewage plant 
with non-biological sludge disposal be- 
cause the high copper content of the 
sewage would prevent digestion. 

Pickling 

The mechanism of the neutralization 
of pickle liquor was studied by Levine 
and Rudolfs (71), who titrated the 
liquor with NaOH and found four 
separate reactions: formation of Fe- 
(OH), below pH 4, acid sulfate, Fe- 
(OH), between pH 6 and 8, and nor- 
mal sulfate. Na,CO, and NaOH are 
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most expensive, high-caleium and dolo- 
mitic limes least expensive neutralizing 
agents. Bound water of hydrous ox- 
ides determines the settleability and 
final volume of the sludge. Solids con- 
tent of the sludge is important in set- 
tling; it varies with reactivity of the 
lime. The sludge contains enough 
voids to assimilate all reaction products 
without an increase in volume. Mini- 
mum sludge volume is produced by 
oxidation, and this results in cost sav- 
ing. Parsons (96) discussed super- 
saturation with CaSO, in lime neutrali- 
zation. He defined after-precipitation 
as material settling after the first hour, 
and concluded that high-caleium and 
dolomitic limes may produce after- 
precipitation but the amount is greater 
with high-calcium. Sealing becomes 
progressively more intense by over- 
treatment with high-caleium lime. The 
scale formed by either lime at pH 4.2 
to 5 is soft enough to be removed by 
hydraulie scour. <After-precipitation 
ean be controlled or eliminated by di- 
lution prior to final sedimentation. 
Riegel (108) said that water conserva- 
tion is essential at Fontana because the 
steel mill is not located on a stream 
to draw water or discharge wastes. 
Raw water is treated (with sludge re- 
circulation), filtered, and recarbonated 
for potable supply. Industrial water 
is supplied through separate systems 
and conserved with towers. 
Blast furnace washer water is used to 


cool slag. Each group of mill opera- 


eoolinge 


tions is equipped with cooling-tower 
systems that are interlocked for flexi- 


bility. Sewage is treated by two-stage 
bio-filtration, the effluent being chlori- 
nated and returned to the industrial 
water system. Pickle liquor is neu- 
tralized with lime, settled, and super- 
natant flows to the sewage plant chlori- 
nation basin. Waste water from coke 
ovens is used to quench coke. These 
measures are expensive, but permit 
steelmaking with 1,400 val. per ton 
instead of the normal 65,000 gal. 

The effect of temperature on neu- 
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tralization of pickle liquor in upflow 
limestone beds was investigated by 
Eden and Truesdale (36). With solu- 
tions containing 2,000 to 10,000 p.p.m. 
H.SO, at 4° to 30° C., the maximum 
amount of acid neutralized increased 
rapidly as the temperature decreased. 
It appeared that the extent of neu- 
tralization was governed by solubility 
of the metastable CaSO,-1/2 H,O. In- 
active limestones could be reactivated 
with solutions of ammonium acetate or 
thiosulfate, or of sodium hexameta- 
phosphate. With solutions containing 
3,050 p.p.m. H.SO,, 8,400 p.p.m. Fe**, 
and 30 p.p.m. Fe***, neutralization was 
almost equal to that with acid alone. 
When Fe*** was increased to 170 p.p.m., 
neutralization was less effective. With 
solutions of 2,790 p.p.m. H.SO, and 
320 p.p.m. Fe***, all free acid and some 
from hydrolysis of Fe,(SO,),, was neu- 
tralized. Reed, Pettit, Cubberley, 
Lewis, and Harper (105) participated 
in a symposium on pickle liquor neu- 
tralization. Reed noted that no general 
solution to the pickle liquor problem 
had been evolved, in spite of a large 
amount of time, effort, and money 
spent on it. He suggested that profit- 
able recoveries were unlikely, and the 
best that could be hoped for was a 
reduction in the cost of treatment. 
Pettit described the Armco neutraliza- 
tion system, in which all liquor and 
rinse water is collected and pumped 
to five reaction tanks in series at flow 
rates of 450 to 1,100 g.p.m. Lime is 
added to the first tank (and to the 
second, if needed) and the contents of 
each tank are recirculated by centrif- 
ugal pumps. Slurry from the last 
tank is pumped to a lagoon at pH 8.5 
to 9, maintained by pH control. The 
cost of treatment equals the original 
cost of the acid. Cubberley and Lewis 
outlined a neutralization plant in which 
the liquor is pumped alternately to 
two agitated tanks. <A full tank is 
treated with an excess of dry hydrated 
lime. At pH 9, it is allowed to settle 
The supernatant is de- 


overnight. 
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canted to a holding tank for pH ad- 
justment, if necessary, then discharged 
to a stream. Sludge is carried by a 
screw conveyor to a rotary vacuum 
filter, from which it is trucked to a 
dump. Harper described the contrac- 
tual arrangement by which he takes 
pickle liquor from steel mills, hauls it 
to his plant, and treats it with pulver- 
ized limestone, using a turbo-mixer 
with air injection. Slurry flows to a 
small lagoon where cement dust is 
added to complete precipitation of iron, 
and then passes to a final lagoon. 

A continuous pilot plant for making 
iron oxide pigments from pickle liquor 
was described by DeWitt, Livingood, 
and Miller (29). With relatively 
simple controls it has been possible to 
make excellent reds, yellows, and inter- 
mediate shades. Red oxides are made 
by mixing proper proportions of iron 
salt and precipitant and recirculating 
in a reaction drum at predetermined 
pressure and temperature. Yellow ox- 
ides are made either by simultaneous 
solution and oxidation of iron from 
scrap, or by slow oxidation of Fe** 
solution with no scrap or Fe*** present. 
A plant to produce 8 tons per day of 
either oxide would cost $150,000; profit 
would be ample to amortize such a 
plant in 18 months. Rusher and Blum 
(122) investigated production of cop- 
per sponge from pickle liquor sludge 
by displacement with zine. They 
found 4 to 7 per cent H.SO, necessary 
to deposit the copper as sponge through 
evolution of hydrogen; more acid con- 
sumes the zine unnecessarily. 
like Cu of 99 per cent purity was ob- 
tained by slow flow of solution past 
the Zn surface. The sponge must be 
dried rapidly to preserve high activity 
for catalytic applications. 

Production of iron, steel, coke, slag, 
and blast furnace dust was reviewed 
by Hoak (62). Coke oven operation 
and waste disposal were outlined, and 
details of some of the more promising 
pickle liquor recovery processes were 
given. The same author prepared a 
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manual of pickle liquor treatment for 
Orsaneo (63). Neutralization proc- 
were described in considerable 
detail, and those by-product recovery 
processes that are technically feasible 
were discussed. 

Recovery processes for HCl pickle 
liquor were reviewed by Chivers (23), 
who found them all to be uneconomical 
and coneludes that the liquor can best 
be used as a coagulant at sewage works. 
Hle reported that the growing practice 
in Britain is to concentrate sulfate 
liquor, separate copperas, and recycle 
the recovered acid. Conversion of cop- 
peras to fresh H.SO, is regarded as 
uneconomical, except on a very large 
scale. A simple type of continuous 
plant for 
seribed. 


esses 


copperas recovery is de- 
Tiddy and Cooper (1353) 
patented a process for producing ferric 
oxide from pickle liquor by treatment 
with air and ammonia under controlled 
conditions in two stages, both of which 
are at superatmospherie pressure and 
temperature. Muleahy (80) stated 
that the economies of pickle liquor re- 
generation depend on (a) acid recov- 


ered, (b) cost of disposal, (¢) increased 


efficiency from control of pickling, and 


(d) reduced heat input. Where the 
steel surface is large in comparison 
with weight, regeneration is now rec- 
ognized as economical. He emphasizes 
the importance of efficient heat transfer 
in regeneration processes and describes 
a continuous process embodying this 
principle. 


Pulp and Paper 


It is interesting to note that during 
1952 the bulk of the investigations 
concerning pulp and paper mill waste 
treatment was carried on by the in- 
dustry itself with the cooperation of 
educational institutions. The effluents 
from the production of rag, rope, and 
jute specialty paper products and their 
response to physical, chemical, and 
biological treatment processes were 
thoroughly investigated. Previously 
only sparse and seattered data regard- 
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ing these effluents were available. Ru- 
dolfs and Nemerow (116) divide the 
wastes from specialty mills in three 
parts; namely, blowdown liquor, wash 
and bleach waters, and machine over- 
flow. The analysis of each fraction, 
together with its physical and chemical 
properties and significance in stream 
sanitation, was reported (117). Stud- 
ies on the treatment of these wastes, 
both individually and combined, indi- 
eated that sedimentation was capable 
of reducing the suspended solids con- 
tent substantially, and when supple- 
mented with chemical coagulation could 
also effect good color reduction. Nei- 
ther form of treatment could produce 
B.O.D. reductions in excess of 50 per 
cent and this removal level was seldom 
reached. Chemical requirements were 
high for any of the large variety of 
coagulants and combinations thereof 
employed. The sludges produced were 
thin and gelatinous (118). 

Anaerobic digestion of rag, rope, and 
jute wastes indicated that B.O.D. re- 
duections of about 75 per cent could be 
obtained at loadings of between 0.027 
and 0.056 lb. of B.O.D. per eubie foot 
of digester capacity, employing a 6- 
day detention period at 35° C. The 
presence of sulfites in these wastes 
caused a lag in digestion (119) (83). 
Aerobie treatment of rope waste on a 
pilot trickling filter produced B.O.D. 
reductions seldom exceeding 50 per 
cent, despite preneutralization and the 
addition of nutrient salts (83). Diffi- 
culty in maintaining an effective slime 
on the stones was encountered despite 
eareful control. From treatment by 
various methods of seeded aeration 
(83) (120) in the laboratory it appears 
that aeration with dispersed seed for 
a period of 24 hr. could produce B.O.D. 
reductions ranging from 78 to 96 per 
cent. These reductions could be pro- 
duced in any of these wastes if the 
stronger fractions were sufficiently di- 
luted, the treated material neutralized, 
and nutrient salts added. 

3oth laboratory and pilot-plant ex- 
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perimentation on chemical and aeration 
treatment of kraft mill waste continued 
throughout the year. Moggio (78) re- 
viewed the entire background on this 
subject, including recent research on 
the lime-recarbonation process, which 
shows the most promise at present. 
Trials directed toward integrating this 
process with the kraft recovery system, 
which is effective in reducing the color 
of the waste, have been encouraging 
and progress has been made toward 
overcoming the former difficulties of 
control and lime-organie slurry thick- 
ening. Continuing development of the 
aeration process for treating kraft mill 
effluents was reported by Gehm (82). 
B.O.D. reductions of 90 per cent and 
color removal of 35 per cent have been 
obtained under controlled mill dis- 
charge conditions. <A seed sludge of 
peculiar properties has been produced, 
among which are high buffering ¢a- 
pacity, low oxygen demand, and non- 
putrescence on storage at high atmos- 
pherie temperatures. 

Trobeek (134) describes the equip- 
ment employed for oxidation of kraft 
mill black liquor. He found that if 
sulfide in the liquor is completely oxi- 
dized, no sulfur is lost as hydrogen 
sulfide or merecaptans during concen- 
tration of the liquor to 50 or 60 per 
cent solids. Corrosion during the evap- 
orating process was considerably less 
when using oxidized liquor. The con- 
densate was not malodorous and could 
be discharged in the effluent. However, 
the oxidized liquor has a higher vis- 
cosity than unoxidized liquor below 
140° KF. Therefore, the author con- 
siders it advisable to empty lines con- 
taining oxidized liquor upon plant 
shutdown. 

A study (148) of the kineties of oxi- 
dation of sulfate black liquor showed 
that a series of simultaneous reactions 
occur which inelude a first-order re- 
action. This reaction is dominant dur- 


ing the first part of the process and is 
succeeded by slower reactions, which 
It is suggested 


continue indefinitely. 
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that the oxidation of sodium sulfide 
takes place largely during this initial 
phase of the reaction. It was found 
that one volume of black liquor re- 
quires from 1 to 3 volumes of oxygen 
(5 to 15 volumes of air) for complete 
oxidation of sodium sulfide. 

Operating results obtained from a 
demonstration plant for the treatment 
of de-inking wastes by sedimentation 
and activated sludge process were pre- 
sented by Palladino (95). By sedi- 
mentation for 1.7 to 2.7 hr., 77 to &8 
per cent suspended solids and 44 to 52 
per cent B.O.D. removals were ob- 
tained. Sludge produced varied from 
1.5 to 4 per cent of the waste flow. The 
sludge contained 8.5 to 12.5 per cent 
solids containing 32 to 53 per cent 
volatile matter. The removal of sus- 
pended solids by the secondary treat- 
ment varied from 8&5 to 94 per cent, 
of B.O.D. from 77 to 95 per cent. Con- 
siderable frothing took place in the 
aeration tank. 

Experimental evaporation of neutral 
sulfite pulping liquors by submerged 
combustion (85) indicated that al- 
though the equipment cost of an in- 
stallation would be considerably lower 
than for multiple-effect long-tube evap- 
orators, operating cost would be higher 
even with low-priced natural gas as 
fuel. However, the process might 
prove of advantage if acetie acid re- 
covery from such liquors is contem- 
plated. Heat hydrolysis of sulfite 
waste liquor on a pilot-plant seale was 
accomplished by Nierman (84) with 
B.O.D. reductions as high as 60 per 
cent. It was coneluded on the basis 
of the tests that this process would be 
difficult to translate into full-scale 
operation and offered no advantage 
over recovery processes, now in the ad- 
vanced stages of development, which 
are capable of high B.O.D. reductions 
with attending high removal of dis- 
solved solids and color. 

Factors affecting anaerobie digestion 
of concentrated board mill white 
waters, obtained through the applica- 


4 
= 
7 
: 
: 
: 
: 
3 
: 


648 


tion of highly-dosed paper machine 
water systems, were explored by Ru- 
dolfs and Amberg (111) (112) (113). 
At 30° C. relatively high B.O.D. re- 
ductions were obtained on digestion at 
0.044 lb. of applied B.O.D. per cubic 
foot of capacity per day. Sodium sul- 
fide in concentrations as high as 300 
p.p.m. did not affect volatile acid de- 
composition or methane production. 
Removal of sulfides by aspiration with 
nitrogen or carbon dioxide, when con- 
centrations exceeded this level, allowed 
digester loadings as high as 0.09 Ib. of 
applied B.O.D. per ecubie foot per day, 
yielding B.O.D. reductions of 68 per 
cent. 

Waddell (138) points out that the 
OCO water system, as applied to a 
paper mill, eliminates discharge of pol- 
luted waters to a stream by conserva- 
tion of water and fibers. The OCO 
water system includes reduction of 
waste volume, followed by recycling of 
high solids process water within the 
paper machine and filtration of the 
remaining low-solids water. 

In order to study the decomposition 
of fiber deposits in rivers, a three-fold 
approach was suggested (4). The first 
step would consist of enumerating and 
identifying the microbial population 
of the flowing water and the deposits. 
The second would include the analysis 
of the soluble metabolic products dif- 
fusing from the deposits. Finally, the 
rate of decomposition of the fibrous 
material under natural 
would be determined. 

Ingmanson (67) derived an equation 
expressing the filtration resistance of 
compressible materials. He concluded 
that average specifie filtration resist- 
ance is directly proportional to the 
product of the Kozeny constant and 
the square of the specifie surface and 
is also related to the frictional pressure 
drop. 

Plants for the neutralization of acid 
felt mill waste and for the treatment 
of asbestos paper mill waste were de- 
scribed by Ludwig and Ludwig (73) 


conditions 
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and Simpson, Duke, and Thompson 
(128), respectively. Wadleigh and 
Simons (139) presented design and 
operating data relative to the installa- 
tion of Waco filters for the clarification 
of tissue mill waste. 


Waste Treatment Charges 


The question of how to establish 
equitable sewer rental and_ service 
charges has received some attention. 
Bankson (7) presented the method es- 
tablished by the Allegheny County 
Sanitary Authority for determining 
the proportionate share of both do- 
mestic and _ industrial The 
method apportions the charges between 
quality and quantity costs, and also 
between collection and plant treatment 
costs. For industrial wastes a special 
cost factor is proposed which will be 
applied to the normal sewage rates. 
Thus if B.O.D. and suspended solids 
are greater than those in the average 
sewage the surcharge factor will be 
greater than unity; if less, the factor 
will be less than unity. 

Niles (90) in discussing a previous 
paper on the determination of fair 
sewage service charges for industrial 
wastes, illustrates how the methods 
proposed ean also be applied to deter- 
mining water rate charges. 


users. 


Miscellaneous 


The removal of color in paper de- 
inking and cooking liquors was studied 
by Rudolfs and Hanlon (114) using 
spectrophotometric methods to deter- 
mine the color characteristics of raw 
and treated wastes. They found that 
aerobie biological treatment increases 
the color intensity of rope, rag, and 
sulfite cooking liquors and board mill 
white water wastes, but decreases the 
color intensity of jute cooking liquor 
wastes. Anaerobic treatment of these 
wastes produced similar color changes. 

One of the most significant papers 
of the year was presented by Green 
and Moses (49) on the destructive cata- 
lytie oxidation of aqueous waste ma- 
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terials. The method of oxidation con- 
sists of passing vaporized wastes and 
air at temperatures above 250° C. 
through catalyst beds of zinc, manga- 
nese, or copper chromites. The method 
has been worked out on laboratory and 
semi-plant scales, and oxygen consumed 
reductions of more than 99 per cent 
have been obtained. 

Black (13) describes the procedures 
for sampling and measuring industrial 
wastes. He considers such sampling 
problems as the development of a 
sampling procedure and program, the 
use of automatic proportional sampling 
devices, and when to use manual samp- 
ling procedures. Methods of flow 
measurement and the proper use of 
metering devices are also discussed. 
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WATER POLLUTION 


Chemistry 


Observations on the varying char- 
acteristics of a group of ponds and 
lakes into which vellow muddy waters 
flow led to scientific studies by the 
Oklahoma Agricultural and Mechanical 
College at Stillwater, Okla. (155). One 
of the important factors contributing 
to a clarification of the muddy (mont- 
morillonite clay) waters was found to 
be increased acidity (CO, production) 
and possibly the coagulating effect of 
organic decomposition products. Co- 
agulation of turbidity was confirmed in 
laboratory jar tests by adding dry or 
green grasses. An amount of green 
vegetation equal to three times the 
weight of suspended clay cleared im- 
pounded waters without critically de- 
pleting dissolved oxygen and without 
destruction of fish life. Taste and odor 
problems were not considered. 

The prevalence of objectionable 
tastes and odors in water supplies of 
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the Missouri and Mississippi Rivers 
during the spring runoff was claimed 
(5) to be due to the natural decay of 
vegetable matter. Various oxidative 
processes and activated carbon treat- 
ment were applied with variable suc- 
cess. 

Taste and odor problems from indus- 
trial wastes were reported by Welch 
(239). Periodically a mixture of 
acrylic-type chemicals and coal tar 
chemicals in the Delaware River water 
cause taste and odor problems at the 
Torresdale, Pa., water plant. The taste 
and odor was effectively controlled in 
laboratory treatment with 70 p.p.m. 
activated carbon to reduce the thresh- 
old odor from 20 to 5, followed by 
chlorination and dechlorination to a 
threshold value of 1.5. The acrylic 
odor was removed, but a slightly musty 
odor persisted. Prechlorination fol- 
lowed by activated carbon treatment 
was not as effective. 

A chemical waste produced a strong 
taste in the river water of the London, 
England, area (15). One water plant, 
using sand filtration and carbon treat- 
ment, did not remove the taste, whereas 
another plant, using dual filtration and 
carbon, removed it completely. 

Manson (136) reported that 4,000 
val. of kerosene was accidentally 
dumped into the Mascoma River when 
a trailer-truck overturned. The result- 
ing intense taste and odor of the Leba- 
non, N. H., water supply was solved by 
the use of 70 p.p.m. of active carbon. 

Two case histories were given by 
Muller (154) where considerable quan- 
tities of escaped into the 
ground. A gasoline odor was detected 
in wells to a maximum distance of 
about 3} km. Some persons can detect 
gasoline in water at a concentration of 
1 p.p.m., and it becomes very noticeable 
at 10 p.p.m. In one case, the gasoline 
contained tetraethyl lead and the lead 
was present in a concentration of 0.5 
p.p.m. Nitrates were reduced in well 
water containing gasoline. There was 
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evidence of biological or catalytic oxi- 
dation of gasoline in soil. 

Trace quantities of organic chemicals 
in surface waters were recovered for 
study by Middleton, Braus, and Ruch- 
hoft (146). The chemicals were ad- 
sorbed on an active carbon filter. 
After drying the charged carbon, the 
chemicals were extracted with chloro- 
form. Group separation techniques 
and infrared analysis were applied to 
the extract for a partial chemical iden- 
tification. The neutral-type com- 
pounds were found to be principally 
responsible for taste and odor in water. 
Application of the technique to indus- 
trial waste studies was pointed out. 

The contamination of surface waters 
by petroleum refinery wastes was re- 
viewed by Villar (231), under the fol- 
lowing headings: general characteris- 
tics of refinery wastes, harmful effects 
of contamination by these wastes, gen- 
eral requirements for treating liquid 
refinery wastes, and legal considera- 
tions in prevention of contamination. 

Dietz et al. (54) studied the tumor- 
producing properties of petroleum 
fractions applied to the skin of mice. 
High-boiling (>700° F.) catalytically- 
cracked streams had high tumor poten- 
cies, as do similar fractions of steam- 
eracked tars. The carcinogenic proper- 
ties were associated with the aromatic 
fractions. Precyele catalytie or ther- 


mal cracking was suggested as a way to 
eliminate the high-boiling fraction. 


Wuhrman (245) discussed the puri- 
fying action of the soil on polluted wa- 
ter as it seeps into underground sand 
or gravel strata. The major purifying 
effect was claimed to be due to the ad- 
sorptive quality of humus and elay and 
the biological activity in the topsoil. 
The kind and type of topsoil were im- 
portant considerations in protecting 
ground-water supplies. The pollution 
of ground water by large garbage and 
refuse dumps was discussed by Rossler 
(199). The water of a battery of wells 
10 to 12 meters deep showed a marked 
increase in Cl, hardness, KMnQ, con- 
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sumption, ete., beginning about 10 
years after the establishment of a city 
refuse dump in the vicinity. The water 
of one well which was ‘‘upstream’’ 
(along the underground current) from 
the dump showed no such change in 
contents. There was no bacterial con- 
tamination of the affected wells. This 
was due to the filtering efficiency of the 
sand and gravel soil. 

Van Haaren (228) reported that sur- 
face and ground waters were heavily 
polluted at a number of cemeteries by 
the decomposition products that leach 
out into the sandy soil. 

Davids and Leiber (50) reported on 
vround-water contamination from the 
discharge of chromium-bearing indus- 
trial wastes into leaching pits. The 
concentration of chromium in some well 
waters was as high as 40 p.p.m. The 
chromium could be precipitated from 
the wastes by treatment with ferrous 
sulfate and lime to reduce the con- 


tamination to a level permitting safe 


discharge of the settled effluent in cess- 
pools. 

Extensive fish kills resulting from 
the drainage from gob-piles at a coal 
mine was reported by Gross (76). The 
drainage produced pH values in the re- 
ceiving stream as low as 2.8. Leach- 
ings from the gob-piles were impounded 
in a 15,000,000 gal. reservoir. Satisfae- 
tory control was provided by discharg- 
ing the impounded drainage in pro- 
portion to stream flow. 

Bilharz (30) explained the pollution 
problems concerned with the dewater- 
ing of flooded zine and lead mines lo- 
cated beneath shales high in pyrite and 
mareasite. The problem involved the 
discharge of a large volume of acid wa- 
ter into stream drainage, rivers, and 
impoundments. The mine water (pH 
2.5) contained 6,500 p.p.m. Fe**, 2,100 
p.p.m. Zn‘*, 25,000 p.p.m. SO,-, and 
2,600 p.p.m. HCO,.-, and was treated 
with CaO to pH > 4.5, aerated, and set- 
tled. Consumption of hydrated lime 
(200-mesh) was approximately 24 tons 
per 24 hr. 
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According to Todd (223), the Wheel- 
ing Creek dried up to only pools of 
stagnant water, which had offensive 
odors. The B.O.D. of the pond water 
was found to be as high as 35 p.p.m. 
Sodium nitrate (72 p.p.m.) was added 
to change the decomposition from ana- 
erobic to aerobic, which effectively con- 
trolled the odor for 7 days. 

Relatively unpolluted coastal waters 
around Norway usually contain less 
than 4 mg. nitrite per cubie meter, ac- 
cording to Braarud and Foyn (34). In 
the western branch of the inner fjord, 
furthest from the source of pollution 
by sewage, the nitrite content of the 
surface layers was low during summer, 
and higher (5 to 12 mg. per cubic 
meter) during autumn and _ winter. 
The deeper layers were poor in nitrites 
except in November and April. It was 
concluded that the high nitrite values 
obtained for surface samples are char- 
acteristic of the highly polluted waters 
in Oslo harbor throughout the year, 
and that the nitrite value would be use- 
ful as a criterion for assessing pollution 
in that area. In other circumstances 
the concentration of nitrite may be 
more closely related to the effeets of 
biological activity than to direct pollu- 
tion by sewage. 

Langenberg et al. (113) considered 
the amounts of NaCl in Dutch water 
supplies in respect to their bearing on 
**saltless”’ diets. Results of determina- 
tion of Cl and alkali (assumed to be 
Na) in the water supplies of the Dutch 
provinces, published by the State De- 
partment for Public Health for the pe- 
riods 1938, 1948, and 1948-49, are 
tabulated and discussed. 

In studying bactericidal effectiveness 
of chlorine treatment at high and low 
pH values, Markaryan (138) found 
that chlorine treatment does not affect 
carbohydrates, hippuric acid, and satu- 
rated fatty acids, whereas urea, amino 
acids, and creatinine forms nitrogen 
chloro derivatives. 

In considering the industrial pollu- 
tion of the Willamette River, Ore., Bol- 
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len (32) discussed the chemical and 
physiological needs of stream micro- 
organisms as the agents of natural 
purification. 

Cameron (37) modified the Gibson 
procedure for differentiating between 
animal and vegetable pollution by re- 
ducing the reaction time to 2 hr. and 
doubling the concentration of reagents. 
The Gibson method is the ratio of the 
NaOCl chlorine demand to the KMnO, 
oxygen consumed. 


Bacteriology 

During the vear several investigators 
have reported the isolation of patho- 
genic bacteria from the water of pol- 
luted streams. Moore, Perry, and 
Chard (151) repeatedly recovered 
‘‘paratyphoid bacilli’? from a river 
flowing through a town of 10,000 in- 
habitants. Two paratyphoid B carriers 
and one typhoid carrier were discov- 
ered by systematic swabbing of sewers 
and modern culture techniques. These 
methods can be applied to the elucida- 
tion of unsolved enteric outbreaks and 
to the control of food-handling estab- 
lishments. 

Lendon and MacKenzie (123) iso- 
lated Salmonella typhosa from the wa- 
ter of Wallington River, Hants. The 
source of the organisms was traced to 
a carrier by use of Moore’s swab tech- 
nique. Samples of river water col- 
lected after a storm showed the pres- 
ence of Salmonella. Further tests 
proved that the bacteria were being dis- 
charged from the storm overflow of a 
combined sewage system serving Pur- 
brook. 


S. typhosa and S. paratyphosi B 


were identified from the processed sew- 
age effluent of Hanover, Germany, by 
Messerschmidt and Wedemeyer (145). 
At the point of discharge into the Line 
River, 21 of 45 effluent specimens were 


found to contain Salmonella. Of 25 
specimens taken from the river up to 
3 mi. below the outfall, 5 contained 
Salmonella, The sewage disposal plant 
consisted of a grill, a sand filter, and 
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a sedimentation chamber, and had a to- 
tal passage time of about 90 min. 

A new Salmonella type was recovered 
from the water of Mendoza River by 
Leiguarda et al. (122). It was named 
S. mendoza. Accidental ingestion of 
the organism was followed by enteritis 
and diarrhea, which subsided sponta- 
neously after one week. 

Dunlop, Twedt, and Wang (56) de- 
scribed a quantitative method for the 
estimation of Salmonella in sewage-con- 
taminated irrigation water. Several 
types of Salmonella were isolated from 
8 of 11 irrigation water samples ex- 
amined. The median value of all 11 
samples was 0.9 Salmonella per 100 ml. 
of water. 

Ross and Gillespie (198) reported an 
outbreak of gastro-enteritis affecting 
160 of 1,250 factory employees and 28 
persons in neighboring houses. Ex- 
amination of the factory drinking wa- 
ter revealed the presence of more than 
180 coliform organisms per 100 ml. of 
water. Shigella sonnei was isolated 
from 9 fecal specimens from persons 
attacked. S. and S. typhi- 
murium were also found in one speci- 
men each. The outbreak was caused by 
contaminated river water intermixing 
with the potable supply through a 
cross-connection. S. sonnei was later 
isolated from the river water. 

An epidemic of acute infectious hep- 
atitis affecting 22 persons occurred in 
an isolated rural area of Pennsylvania. 
Farquhar, Stokes, and Schrack (62) 
found the well water on the farm to be 
fecally contaminated from the nearby 
cesspool. Infection was apparently 
spread both by drinking water and by 
contact. 

Seven specimens of sewage effluent 
from four tuberculosis hospitals yielded 
tubercle bacilli when examined by 
Kroger and Trettin (110). Tuberele 
bacilli in a ground suspension of in- 
fected guinea pig organs contained in 
a collodion bag and suspended in a 
stream remained viable as long as 48 
days. The possibility of the water 
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from the stream receiving the sewage 
effluents infecting cattle was implied. 

Because Pseudomonas aeruginosa has 
been isolated from many _ sources, 
Ringen and Drake (195) attempted to 
determine its normal habitat. A selec- 
tive medium containing pyocyanin was 
used in studies to establish the inci- 
dence of this organism from various 
natural sources. P. aeruginosa was 
isolated consistently from sewage and 
from all parts of the sewage plant ex- 
cept the sludge. Feces from 11 per 
cent of the individuals examined con- 
tained the organism. Human feces, 
therefore, probably served as the inoc- 
ulum for sewage and should be consid- 
ered as the normal habitat. 

Faneuf and Healy (61) reported 
that high counts of FE. coli were ob- 
served in the water of Penacock Lake, 
the source of the Concord, N. H., water 
supply. The EZ. coli were derived from 
fecal matter on a pienie area near the 
sereen house. Dosages of 10 p.p.m. 
chlorine were ineffective in disinfecting 
the distribution system, due to dissipa- 
tion of chlorine by sediment in the 
mains. Fifty p.p.m. chlorine produced 
satisfactory samples. Emphasis was 
given the point that present methods 
of analysis do not reveal pollution until 
about 5 days after it has occurred. 

The antigenic relationship of 8. dys- 
enteriae 2 (S. ambigua) and E. coli 0 
group 112a,e were described by Ewing, 
Hucks, and Taylor (60). The 0 anti- 
gens of these two bacterial types are 
identical. Various interrelationships 
among enteric bacteria were discussed. 
These interrelationships directly con- 
tribute to the complexities of water ex- 
amination and other laboratory tests 
related to enteric disease. 

Sears and Brownlee (206) contrib- 
uted further evidence in support of the 
thesis that the normal human harbors 
both resident and transient strains of E. 
coli. The resident group comprised one 
or two strains at any given time. The 
transient group was often absent and 
rarely consisted of more than three or 
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four strains. In infants, resident 
strains may become well-established 10 
days after birth. Both the transient 
and resident strains might change. 
However, the conditions under which 
strains were lost and new ones acquired 
could not be defined accurately. 

In storage studies, the various mem- 
bers of the coliform group remained 
viable for long periods of time in both 
autoclaved and unautoclaved estuary 
waters as reported by Buck, Keefer, 
and Hatch (35). The bacterial cell 
densities exhibited cyclic changes, in- 
volving a decrease and a subsequent 
increase in numbers, at least twice in 
some experiments. If it was assumed 
that field conditions were in general 
similar to those in the laboratory, coli- 
form organisms, once introduced into 
an estuary, would remain for a long 
time provided their number was not 
reduced by sedimentation, predatory 
protozoa, ete. 

It was shown by Ketchum, Ayers, 
and Vaccaro (106) that the effects of 
dilution, bactericidal action of sea wa- 
ter, and predation accounted for more 
than 99 per cent of the decrease in coli- 
form organisms in the Raritan River. 
The bactericidal action was the most 
important process followed by preda- 
tion and dilution. 

Joseph and Shay (102) determined 
the longevity of F. coli in acid mine 
waters. The rate of reduction on con- 
tact was rapid, but a small number of 
bacteria survived the 24-hr. testing pe- 
riod at pH 2.0. Factors active in self- 
purification studies were acidity, toxic- 
ity of compounds present, antagonistic 
action of microorganisms, food supply, 
and ingestion by protozoa. <All waters 
of extreme acidities and of pollution 
with fecal material and mine wastes, 
which were examined, supported the 
growth of a few microorganisms. £. 
coli was among the bacteria which can 
sustain acid conditions in small num- 
bers. 

The Public Health Laboratory Serv- 
ice Water Sub-Committee (18) studied 
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the effect of storage on the coliform and 
E. coli counts of water samples. From 
SO sampling points in England and 
Wales, 151 samples were collected. 
One portion of each sample was im- 
mediately tested for coliform organ- 
isms. Two other portions were stored 
20 to 24 hr., one at room temperature 
(16° to 23° C.) and one at refrigerator 
temperature (2 2° C.) Coliform 
determinations were made by a 70-tube 
dilution method in which 10 tubes of 
MacConkey broth were inoculated with 
each of 7 two-fold diminishing volumes 
of sample. Significant increases in coli- 
form organisms occurred in 23 (15 per 
cent) of the 151 samples stored at room 
temperature, and in 10 (7 per cent) of 
the samples stored in the refrigerator. 


Significant decreases of coliforms oe- 


curred in 29 (19 per cent) of the sam- 
ples stored at room temperature and 
in 26 (17 per cent) of the refrigerated 
samples. 


Goetz and Tsuneishi (73) described 
the chemical and physical nature of the 
molecular filter membrane, as well as 
several possible applications to water 
bacteriology. They listed several ad- 
vantages of the molecular filter tech- 
nique over present standard methods 
of bacterial analysis as: (a) nutrients 
may be removed or changed at any time 
during incubation; (b) different sec- 
tions of the same filter deposit may be 
exposed to different nutrient media; (c) 
saves time and uses less equipment; (d) 
permits better and faster differentia- 
tion of bacteria; and (e) provides per- 
manent records in the form of pre- 
served filter discs. 

Clark and Kabler (42) found that 
membrane filter procedures for the bac- 
teriological examination of water gave 
promise of providing reductions in time, 
material, equipment, labor, and space 
required. Coliform determinations by 
the membrane filter procedure required 
approximately 18 hr. instead of the 
present 3} or 4 days. The same authors 
(104) also reported that by use of en- 
richment or inhibitory media, or both, 


SEWAGE AND INDUSTRIAL WASTES 


June, 1953 


with the filter, the growth of particular 
groups or species could be encouraged. 

Goetz, Gilman, and Rawn (72) pre- 
sented the results of tests using pre- 
impregnated dehydrated nutrient pads 
with the membrane filter. Parallel 
tests for the coliform group on littoral 
waters (Pacific Ocean) using the mem- 
brane filter and ‘*‘Standard Methods’’ 
serial dilution with lactose broth 
(M.P.N.) procedures showed compara- 
ble results. 

Two independent incidents aboard 
Navy ships, in which fecal organisms 
failed to produce visible colonies on 
S.S. agar after 18- to 24-hr. incubation 
at 37° C. were recorded by Wharton 
(240). This ‘‘no growth’’ phenomenon 
showed a definite tendency toward 
repetition from the same individual. 
It rarely occurred in cultures from 
those persons having had demonstrable 
shigellosis, whereas it tended to occur 
frequently in those persons in the same 
environment who apparently escaped 
shigellosis. The author suggested the 
possibility of bacteriophage or non- 
pathogenic organisms commonly found 
in the bowel as responsible by produc- 
ing antibiotics. 

Weaver and Boiter (237) isolated 
from waters of Fayette County (Ky.) 
wells, 15 strains of B. subtilis and 13 
strains of B. cereus that were antagon- 
istic for EF. Almost all of the 
strains of B. subtilis produced anti- 
biotic substances active against S. flezr- 
neri, NS. typhosa, S. paratyphi, and 
Micrococcus pyogenes var. aureus. 
These results indicate that Bacillus 
spp. may affect the longevity of enteric 
organisms in surface waters. 

The effects of bacteriophage on the 
survival of Enterobacteriacea in pol- 


coli. 


luted waters from various sources were 
studied by Guelin and Gazdawa-Le 
Bris (79). They found that the bac- 
terial count decreased progressively 
for the first few days and then dropped 
abruptly on the seventh day. The 
sharp decrease was accompanied by a 
rapid clearing of the medium. This 
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clearing phenomenon was not observed 
in autoclaved waters. Salmonella 
phage I from large isolated bodies of 
water was specific, while the phage I 
from small bodies of water was multi- 
valent and attacked the coli-typhoid- 
dysentery group of organisms. 

sacteriophage for Clostridium wel- 
chii has been isolated by Guelin (78) 
from polluted water in quantities pro- 
portional to the degree of pollution. 
The numbers of Cl. welchii, and con- 
sequently of the bacteriophage, are 
often lower than the numbers of E. 
coli present. The bacteriophage can 
reduce the bacterial population by lytie 
action and under natural conditions 
might assist in the purification of pol- 
luted water. 

When studying silver compounds as 
water disinfectants, Polster and Braz- 
dova (180) observed best results with 
a complex Na-Ag chloride, called Sag 
I, which decomposed in water to give 
colloidal silver chloride. 

Riehl, Weiser, and Rheins (194) re- 
ported that E. coli, S. typhosa, and SN. 
montivideo do not survive prolonged 
exposures in waters of high pH main- 
tained by addition of excess lime. Most 
of the test organisms were destroyed by 
exposure of slightly more than 4 hr. at 
a pH range of 11.0 to 11.5 and at a 
temperature of 15° C. Freshly iso- 
lated strains were more resistant than 
the same species propagated several 
months on culture media. 

Elemental iodine is an efficient dis- 
infectant of water. The amounts re- 
quired to kill 13 strains of test organ- 
isms at varying conditions of pH and 
temperature were determined by Cham- 
bers et al. (41). The bactericidal 
action of iodine resembled that of 
chlorine in that greater activity accom- 
panied higher temperatures and lower 
activity was exhibited at higher pH 
ranges. S. sonnei and 8. flerneri I ap- 
peared to be somewhat more resistant 
than the F. coli strains studied. 

Simulated and authentic nitrate- 
bearing well waters were prepared by 
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Tubiash (227) at levels ranging from 
0 to 240 p.p.m. nitrate-nitrogen. These 
waters were seeded with the equivalent 
of minimal and relatively heavy pol- 
lution of EF. coli, A. cloacae, A. aero- 


genes, and a mixture of the three 
organisms. Markedly ambiguous re- 


ductions in M.P.N. were obtained 
with heavily-seeded waters at levels of 
100 p.p.m. nitrate-nitrogen and over. 
Equivocally negative M.P.N. values 
were obtained with the lightly seeded 
waters at levels of 100 p.p.m. nitrate- 
nitrogen and over. Bacteriologically 
nonpotable nitrate-bearing waters may 
erroneously appear potable when sub- 
jected to the ‘‘Standard Methods’’ pre- 
sumptive test, because of the inhibitory 
effect of the nitrates on the production 
of visible gas by members of the coli- 
form group. 

Kichatova (107) has recommended 
the use of rosolic acid medium for the 
determination of fecal contamination 
in water. When used in conjunction 
with a yeast lysate growth stimulant, 
useful results were obtained in 12 hr. 

Findlay (64) described a growth of 
Armillaria mellea 10 ft. long in the 
Carlesmoor water tunnel leading out of 
Roundhill reservoir, England. <An- 
other growth 30 ft. long was found in 
the same tunnel about 7 years earlier. 
Nutrients for the growth of the fungus 
were probably derived from the clean 
water. 


Biology 


Practical biological techniques can 
distinguish degrees of pollution, and 
aquatic organisms can indicate a wide 
range of stream conditions from 
healthy to grossly polluted (88). Mills 
(148) suggests that studies of fish life 
are of interest and value in evaluating 
the biological effects of stream pollu- 
tants. 

A valuable textbook for those in- 
terested in stream pollution is that of 
Liebmann (124). The author notes 
the techniques required for the exami- 
nation and evaluation of biological con- 
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ditions in water supplies, fishing 
waters, sewage, and waste waters. The 
section on methods of biological exami- 
nation includes description of sampling 
methods useful in various situations, 
and chemical and bacteriological meth- 
ods of value to the pollution biologist. 
Other sections deal with organisms as- 
sociated with different degrees of or- 
ganic pollution and with some toxic 
wastes. Greenburgh (75) suggests 
procedures for sampling river water 
and observations to be made when fish 
kills have occurred. 

Mackenthun (131) and Newcombe 
(159) review the effects of pollutants 
on the ecology and animal life in 
streams. The zones of an unpolluted 
river are classified by Huet (94) ac- 
cording to the predominant fish species. 
The effects of pollution on the streams 
are discussed and the typical plants 
and animals of the various zones of a 
sewage-polluted stream are listed. The 
chief effect of toxic wastes is a reduc- 
tion in the numbers and kinds of ani- 
mals. Mann (135) divides wastes 
harmful to aquatic life into three main 
types, those from the chemical indus- 
tries (coal mines, cement works, soda 
factories) ; those containing toxicants 
(metallic wastes and coking wastes) ; 
and the organic wastes. 


Stopford (216) found that a dis- 


charge of sewage into an estuary may 
have a strong local effect on aquatic 


The normal fauna was, 
however, not affected adversely during 
the hot summers. Thomas (220) re- 
ported that the Turlesee, Switzerland, 
which before pollution by the effluent 
of a cheese plant and by agricultural 
fertilizers contained adequate oxygen 


organisms. 


at all depths, now displays a marked 
deoxygenation of its deeper water. 
Adequate oxygen is limited to the 
upper strata, plankton is restricted to 
a few species, and the lake water is now 
unfit as a source of water supply. 
Similarly, Lake Zurich (219) has been 
made eutrophic because of domestic 
wastes. Fish populations have been 
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damaged and the use of the lake as a 
water supply has been limited. On the 
other hand, Gross (17) showed that 
the controlled fertilization of a sea- 
loch has resulted in a greatly increased 
erowth rate of fish because of the 
stimulus to plankton organisms. 

Several valuable papers on the meth- 
ods and apparatus used to econduet bio- 
assays of toxic substances to fish have 
appeared. Tomiyama and_ Inouye 
(224) describe an apparatus which 
maintains a constant supply of the 
pollutant and of various acids and 
alkalies to maintain a fixed pH. Her- 
bert (86) discusses the objectives of 
bio-assay procedures with fish, the ef- 
fects of the numbers of fish in fixed- 
volume tests, and the advantages of 
constant-flow systems, and outlines an 
apparatus which can test 50 fish at one 
time. Also mentioned are the effects 
of low D.O. and the chemistry of the 
diluting water on the toxicity of sub- 
stances. This comprehensive paper 
also mentions methods for the interpre- 
tation of results, and discusses varia- 
tions in resistance among fish and the 
effects of acclimatization of the fish on 
the results of 
Wuhrmann (246) also considers vari- 
ous factors that influence the results of 
bio-assays with fish. De Savelle and 
Hubault (52) describe bio-assay tech- 
niques used in France and give toxicity 
data for chlorine, chlorides, ammonia, 
and alkalies. Vivier (233) recom- 
mends supplementing with laboratory 
bio-assays, tests for toxicity made by 
suspending caged fish in streams sus- 
pected of being polluted. 

Several summaries of the published 
data on the toxicity of industrial wastes 
and their components have been made 
available. McKee and Gilman (142) 
compiled from the literature data on 
the toxicity of hundreds of substances 
to fish, aquatic life, livestock, shellfish, 
and wildlife. LeClere and Devlaminck 
(120) list the toxicity to fish in both 
distilled and hard water of 33 inor- 
ganic and organic substances. Mack- 


bio-assay procedures. 
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enthun (130) tabulated the toxicity to 
fish and invertebrates of 217 inorganic 
and organic substances, industrial 
wastes, and other substances discharged 
into streams. 

Kubota (111) found that fish eggs 
could be hatched at a pH range of 3.8 
to 10, but that the optimum range was 
between pH 6 and 7.2. Malformed 
young were hatched in strongly acid 
or alkaline waters. Jones (101) noted 
that at low temperatures (13° C.), 
sticklebacks could not detect water of 
low D.O. and distress symptoms were 
slow to appear. At 20° C., distress 
is so prompt that fish would not swim 
into water with a D.O. of 2.0 p.p.m. 
Minnows and trout were found to react 
similarly. Privolnev (182) observed 
that young Atlantie salmon fingerlings 
of different ages varied in their toler- 
ance to waters of low D.O. Forty-day- 
old fish are restricted to waters having 
over 3.5 p.p.m., whereas 110-day-old 
fish were more tolerant and could sur- 
vive in waters with 1.0 p.p.m. and 
higher. lLassleber (116) noted that 
carp raised in ponds in which the oxy- 
gen content was 150 per cent of satura- 
tion or higher had a high frequency of 
maxillary disease and dropsy. Fish 
were healthy in ponds in which the 
oxygen content reached 125 to 150 per 
cent saturation. The author believes 
that an abnormally high D.O. is dan- 
gerous to the health of fish. Egusa 
(59) investigated the diseases in fish 
caused by a supersaturation of nitro- 
gen in an artesian water supply. 

Scheuring and Stetter (202) found 
that carp, perch, and trout were killed 
in 1 to 5 p.p.m. chlorine within 15 to 
72 hr. The toxicity of chlorine to tad- 
poles, crustacea, snails, leeches, and 
some plankton organisms was also de- 
termined. Corti and Weber (46) 
studied the activity of trout in an 
ammonia solution. An _ apparatus 
called a ‘‘tarachograph’’ was developed 
to record electrically the reactions of 
fish in toxie solutions. Cremer (47) 


and Eden, et al. (58) determined the 
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toxicity to fish of H,O., hydrazine, 
and methyl! alcohol, which are wastes 
resulting from the testing of rocket 
engines. H,O, was toxie to fingerling 
rainbow trout at 40 p.p.m., 0.7 p.p.m. 
hydrazine hydrate caused a loss of 
equilibrium in less than 24 hr., and up 
to 8,100 p.p.m. methyl alcohol was 
harmless in 24 hr. Rainbow trout were 
unaffected by 10 p.p.m. of formalde- 
hyde in three days, but 50 p.p.m. killed 
within one to three days. 500 p.p.m. 
of ammonium sulfate was toxic to fish, 
and fish food organisms were killed 
by lower concentrations (222). 2,500 
p.p.m. of ammonium thiocyanate was 
lethal. Wuhrmann, Zehender, and 
Woker (247) emphasize that the tox- 
icity to fish of solutions of ammonium 
salts depends mainly on the amount of 
nonionic free ammonia, which can be 
determined from the concentration of 
the solution and the pH. Woker (244) 
found that the toxicity to fish of vari- 
ous concentrations of ammonia was not 
dependent upon the water temperature. 
In experiments, the D.O. was main- 
tained at 9 to 10 p.p.m. and the tem- 
peratures of the various test solutions 
were 10°, 14° ,17°, and 25° C. Thesame 
mortalities were observed at all tem- 
peratures. Wuhrmann and Woker 
(248) found that the threshold of 
toxicity to minnows was around 1.0 to 
1.2 p.p.m. NH,; trout fry were sensi- 
tive to 0.3 to 0.4 p.p.m. NaCN at 0.33 
to 0.35 p.p.m. killed minnows in 2.5 
hr. Solutions containing mixtures of 
NH, and CN are more toxic than either 
solution alone. The authors believe 
that these toxicants penetrate through 
the gill membranes. Czensny (48) 
found that the HCN in metalworking 
wastes is toxic to trout in concentra- 
tions of 0.1 to 0.15 p.p.m. HCN. In- 
stances of fish kills due to cyanides 
in industrial wastes were reported from 
Germany and the United States. (3) 
(39) (203) 

LeClere and Devlaminck reported on 
the toxicity to fish of the component 
chemicals of wastes from explosive fac- 
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tories (119) and from tanneries (117). 
The minimum lethal dose to fish that 
had been immersed for 6 hr. in dis- 
tilled- and tap-water solutions of the 
various waste components was deter- 
mined. These include mono- and dini- 
trophenol; TNT; dinitrocresol ; mono- 
and dinitrobenzene ; hydrochlorie, borie, 
tannic, and lactie acids; sodium bisul- 
phite; sodium borate; sodium metabi- 
sulphite; ammonium chloride; sodium 
sulfide ; sodium sulfate ; ammonium sul- 
fate, and chromium sulfate. 

Beeckmans and Beaujean (28) also 
reported on the toxie effects of tannery 
wastes to fish. After pollution by cot- 
ton mill wastes, Dendy (51) was able 
to find only 3.4 lb. of fish per acre in 
Sougahatchee Creek, whereas prior to 
pollution this creek yielded 41 lb. per 
acre. 

Siyazuki (208) observed the effects of 
effluents from a fermentation plant, a 
brewery, and a pulp mill upon a land- 
locked bay. Analyses were made of the 
effluents, the bay water, and muds. 
Fish kills observed were attributed to 
the organic wastes from the plants. 
Redfield and Walford (190) studied 
the effects on plankton and fish of the 
disposal at sea of 4,000 tons per day 
of an acid waste containing ferrous 
sulfate and sulfuric acid. Although 
zooplankton in the discharge area were 
temporarily affected, the organisms re- 
covered when the waste was diluted 
and no biological harm was indicated. 

Scheuring (201) found that trout 
fry and insect larvae survived several 
days in a 1.5 to 2 per cent solution of 
sodium sulfate, but protozoa survived 
for 28 days. Potamogeton was affected 
by a 0.5 per cent solution, while other 
plants were affected by 1 per cent 
solutions. 

Tomivama and Yamagawa (225) de- 
termined in a constant-flow apparatus 
that sodium sulfide was more toxic at 
low pH values; 0.55 p.p.m. was lethal 
at pH 5.2, whereas at pH of 8.2, 8.0 
p.p.m. was lethal. 

Mackereth and Smyly (134) report 
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that the stoneloach, Nemacheilus, died 
in water containing 0.2 p.p.m. or more 
of Cu. Paul (174), in a discussion of 
the biological effects of water pollution 
in California, notes that certain resi- 
dent trout populations have become 
acclimated to copper concentrations 
that kill introduced hatchery-raised 
fish. Studies also indicate that some 
common household detergents may be 
toxie at levels of 10 to 20 p.p.m. 
Mackenthun (132) and Mackenthun 
and Cooley (133) demonstrated that 
the copper content of mud at the bot- 
tom of heavily-treated Lake Monona, 
Wis., is far below that which will kill 
bottom-dwelling organisms. 9,000 
p.p.m. Cu in bottom muds was found 
to be toxie to bottom-dwelling fauna. 

The toxicity of water in contact with 
zine-coated metals is markedly higher 
in soft than in hard waters (179). 
Severe losses of trout eggs and fry in 
an Australian hatchery were found by 
Affleck (2) to be due to zine (0.04 
p.p.m.) dissolved by slightly acid water 
(pH 6.0 to 6.8) from galvanized-iron 
pipes. Laroze (115) contends that the 
mortalities of fish in trout ponds were 
due to small amounts of Fe. Micro- 
scopic examination of the gills indicates 
the penetration of a semi-colloidal basic 
iron salt into the gill tissues. 

Kozima and Tomiyama (109) ana- 
lyzed waters in trout hatcheries for 
many ions in an effort to correlate 
water chemistry and mortality of 
young rainbow trout. It was found 
that the mortalities are directly pro- 
portional to silicate content and in- 
versely proportional to calcium content 
of the hatchery waters. By using ra- 
dioactive caleium Lovelace and Po- 
doliak (126) showed that small rain- 
bow trout absorb calcium through the 
gills from the surrounding water. The 
calcium is then distributed through the 
body by the blood stream. Kaemmerer 
and Erichsen (103) found that nickel 
was more toxic to fish than Fe and Mn. 
Mn seemed to be slightly antagonistic 
toward Ni. Effluents from lead mines 
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were not only toxie to fish, but 
the precipitates also cover spawning 
grounds and destroy fish food organ- 
isms. 

Specht (213) tested the toxicity of 
chemicals used in the flotation proc- 
esses of the phosphate industry and 
found that tall oil was the only agent 
liable to be toxie to fish. 

Gillette, Miller, and Redman (70) 
tested 51 organic compounds, mostly 
alcohols and amines, to determine their 
toxicity to fish. The most toxic com- 
pounds were simple alkyl amines, so- 
dium hydrosulfide, phenol, ammonium 
hydroxide, 1,3,dibutylthiourea. 
The toxicity of alkylamines and am- 
monium hydroxide was reduced by ad- 
justing the pH of the test water near 
neutrality. 

Fish kept in sublethal concentrations 
of kraft pulping wastes did not develop 
any observable pathology of the gill 
and liver tissues (229). Haydu, Am- 
berg, and Dimick (84) studied the 


toxicity of kraft pulping wastes and 
their components to typical anadrom- 
ous salmonid species of the Pacific 


Northwest. Tests were conducted in 
aquaria and in an artificial stream de- 
signed to simulate a natural stream 
environment. Aquatic insects were 
also tested. 

Lindenberg and Gary-Bobo (125) 
determined that the threshold concen- 
trations of various aliphatic alcohols as 
determined by the narcosis of fish was 
not a function of the length of the 
carbon chain of the alcohols, but varied 
according to the pharmacodynamie ae- 
tion of the various compounds. The 
narcotizing concentrations of the vari- 
ous alcohols were not the same in dif- 
ferent fish species. Dilutions at the 
threshold of physiological action and 
the concentration at the abolition of 
reflexes in fishes for several hydrocear- 
bons and their polar derivatives were 
also determined (68). It appears that 
water solubility of a compound affects 
the value of the threshold activity only 
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when the solubility is above a minimum 
value. 

Maramorosch (137) found that fish 
were killed when placed in water con- 
taining cellulose acetate sheets. The 
plasticizer, diethyl phthalate, which 
diffused into the water was the toxic 
agent. Raffy (188) found that certain 
fish placed in 0.25 to 1.5 per cent alco- 
hol showed an increased oxygen con- 
sumption, whereas other species showed 
a decrease. Sollman (209) found that 
hydroquinone in water is 100 times 
more toxic to goldfish than phenol. 
Tertiary butyl catechol was also highly 
toxic. These substances act by in- 
hibiting many of the autocatalytic 
processes of fish. It was found (40) 
that fish subjected to 0.1 p.p.m. or 
more of S-guaiacazulene died of anox- 
emia within 6 hr. 

Bogenrieder (31) found that intra- 
vascular blood coagulation occurred 
in fish poisoned by phenol or nitroben- 
zene. Coagulation occurred in one-half 
of the fish killed by dinitro-orthocresol. 
No coagulation was found.after carbo- 
lineum poisoning. 

Aust (21) described the danger to 
fish of sprays containing carbolineum, 
mineral oils, and insecticides. Fish 
kills have been caused by washing 
spraying equipment in streams. The 
effects of arsenic and arsenic com- 
pounds, pyrethrum, derris, dinitro- 
orthoeresol, DDT, and the newer in- 
secticides were also discussed. Aust 
(22) states that DDT at a concentra- 
tion of 19 p.p.m. is toxie to fish. An 
indirect action is the destruction of 
natural fish food by the insecticides. 
Bandt (24) found that the insecticide 
hexachlorohexane is a nerve poison, 
but acts so very slowly on fish that it 
is probably not dangerous. It is, how- 
ever, very toxie to fish food organisms. 
Ginsberg (71) determined that dieldrin 
was twice as toxie to fish as aldrin; 
0.25 p.p.m. of aldrin and 0.125 p.p.m. 
dieldrin killed all the fish tested; 0.25 
p.p.m. DDT killed all fish tested. Fish 
kills have been reported in Oklahoma 


a 
|| 
: 

cad 
= Wel 
| 
A “3 
a 
A 

3 

; 


664 


(235), where aldrin and toxaphene 
have been used as insecticides. In 10 
hr., 0.5 p.p.m. aldrin kills many fish 
species. The toxicity of aldrin per- 
sists in water from 4 to 5 days. 

Huet (93) reports that substances 
toxic to fish are found in the humus 
formed in spruce forests. This ulti- 
mately results in a depletion of aquatic 
life and the disappearance of fish in 
streams draining spruce forests. Le- 
Clere and Devlaminek (118) investi- 
gated the toxicity to fish of the resins 
and terpenes from conifers. Most toxie 
resins were those of larches and least 
toxic from cedars of Lebanon, Corsica 
pine, and Thuja. Bandt (25) found 
the extracts of needles, twigs, and fruit 
of arborvitae and juniper to be toxic 
to fish and those of Taxus not toxic. 

Duuren and Groenewoud (57) made 
a chemical investigation of the tuber 
of Neurotanenia edulis, which is poi- 
sonous to fish. They extracted and 
determined six organie compounds 
from the tuber. The toxicities of these 
compounds. were determined; two of 
the six were definitely toxic and one of 
these exhibited physiological action 
similar to rotenone. 

Petard (176) lists some plants con- 
taining saponins, rotenones, and other 
substances toxic to fish. 

Mortalities of animals attributed to 
toxic algae have been reported from 
various localities in North and South 
America, Africa, and Australia. 
(172) 


Olson 
173) suggests that algal toxins 


might be the cause of unexplained 
dysentery epidemics in the Ohio and 


Potomac River basins and might be 
correlated with the condition known as 
Haff’s disease in Europe.  Sceott’s 
(205) review emphasizes that fresh 
algae are more toxie than decomposed 
algae and that frozen and dried algae 
are most toxic. The chemical nature 
of the toxin is unknown, but it is se- 
ereted by the algae in the surrounding 
water, killing animals that drink the 
water. On the other hand, McLeod 
and Bondar (144), while investigating 
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the death of domestic animals caused 
by drinking water that was bloom- 
ing with Aphanizomenon flos-aquae, 
killed mice and rats by allowing them 
to drink a suspension of lake water and 
algae. The lake water was non-lethal 
after the aleae had been removed. 

Ingram (95)(96)(97) prepared a 
series of selected bibliographies of 
value to those interested in the bio- 
logical problems of water supply and 
water pollution. Titles listed deal with 
water treatment, water pollution, 
plankton nuisances, algal control, and 
the identification of plants and animals 
found in polluted streams. 

Ingram and Palmer (98) present in 
detail methods of collecting, counting, 
identifying, and recording plankton 
with the intention of enabling water 
plant operators to predict and prevent 
plankton blooms. Moore (152) at- 
tempts to obtain, from a statistical ex- 
amination of a large number of data 
from several sources, some evidence of 
the magnitude of present in 
plankton counts and from this infor- 
mation to estimate the reliability of the 
counting procedures used to enumerate 
microscopic organisms in water. 

Pearsall (175) emphasizes that a 
knowledge of aquatie biology is of im- 
portance to those concerned with water 
supplies. For example, vigorous algal 
erowth may reduce the water hardness 
as much as a third. Algae in improp- 
erly designed reservoirs can create op- 
erational difficulties. Wohlschlag and 
Hasler (248) studied the populations 
of blue-green algae in Lake Mendota 
to determine conditions leading to algal 
blooms. Algal density was determined 
by measuring chlorophyll concentra- 
tions. Verduin (230) found that pho- 
tosynthesis by phytoplankton in Lake 
Erie can be measured by using the 
changes in pH! as an index of the re- 
moval of CO,. <A high correlation was 
found between the volume of algae and 
photosynthesis rate; and it is suggested 
that the volume of algae be taken as 
an index of productivity. 


errors 


: 
: 
: 
= 
4 
i 


Vol. 25, No. 6 


Phinney (178) outlines some of the 
fundamental studies necessary for an 
elucidation of the role algae play in 
the ecology of polluted and unpolluted 
streams. Phytoplankton use soluble 
carbohydrates, fat-soluble organic com- 
pounds, salts of organie acids, and ni- 
trogenous organie compounds. Soren- 
son (210) found the alga Hydrodict- 
yon, Which is normally rare in Sweden, 
to be abundant in one river polluted 
by sewage and trade waste waters. 
Analysis of the water from various 
points of the river are given. The alga 
occurs in that stretch of the river 
which has recovered from the effects of 
pollution. The toxicants and sludge 
in the wastes of Paris change the char- 
acter of the plankton in the River 
Seine (121). Other variations in the 
plankton production can be correlated 
with variations in the depth of water, 
light penetration, and water tempera- 
tures. 

The addition of salts containing ni- 
trogen and phosphates into waters con- 
taining phytoplankton leads to an in- 
creased D.O. (27). The addition of 
superphosphate and ammonium nitrate 
into reservoirs and lakes gives similar 
improvement in photosynthetic activ- 
ity, which lasts for several days after 
the addition. Sawyer (200) points out 
that the increasing use of detergents, 
many of which have high phosphate 
contents, may increase algae problems 
in water. The average content of phos- 
phate in sewage has doubled in the 
past 10 vears. 

Topinska-Luchter (226) investigated 
the micro-flora populations in waters 
with various amounts of hydrogen sul- 
fide. In waters containing 20 to 50 
p.p.m. hydrogen sulfide an abundance 
of sulfur bacteria of various types, as 
well as blue-green algae, were present. 
Waters containing more than 50 p.p.m. 
hydrogen sulfide contained only motile 
red sulfur bacteria. 

Although the city of Lucerne, Switz- 
erland, had stopped polluting the water 
of Red Lake for about 12 years, the 
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oxygen content in the lake was still 
eritical (149). There was only 0.16 
p.p.m. D.O. at 5 m. and none at 15 m. 
The plankton species consisted chiefly 
of Oscillatoria and Leptothriz. Jaag 
(100) found that the heavy contamina- 
tion of Swiss lakes has reduced their 
oxygen content. FeS has deposited, 
Oscillatoria rubescens has become pre- 
dominant, and the fish populations have 
suffered. 

The radioactivity of the plankton in 
the Columbia River below the Hanford, 
Wash., works was considered to be 
insignificant. The radioactivity of the 
plankton carried by the river past 
Hanford during July was 0.6 curies 
per day (44). 

Surfaces coated with a newly pat- 
ented rosin amine algicide (33) kills 
algae and inhibits regrowth.  Fitz- 
gerald et al. (65) screened 300 organic 
compounds for toxicity to bloom-pro- 
ducing blue-green algae. Several qui- 
none-type compounds are toxic in con- 
centrations of less than 1 p.p.m. The 
chemical 2,3, dichloronaphthoquinone 
is lethal in concentrations as low as 2 
ng. per liter. This compound is selec- 
tively toxic to bloom-producing algae 
and is nontoxic to most green algae 
and higher plants. In short term tests, 
it was found to be nontoxic to fish and 
other aquatic animals in concentrations 
used for algae control. 

Flentje (66) discusses the use of 
phytocides in water weed and algae 
control. Snow and Iantosea (211) 
treated a fishy taste in reservoir water 
caused by Uroglenopsis. They chopped 
holes in the ice and treated with copper 
sulfate to a concentration of 0.06 to 
0.90 p.p.m. Williams et al. (242) 
found that 15 p.p.m. of various qua- 
ternary ammonium compounds con- 
trolled the growth of algae. 5 p.p.m. 
Arquad 8 is effective against Oscilla- 
toria. Bervoets (29) tested the toxicity 
of hexacyclohexane to plankton. It 
was found to be far more effective in 
running water. 

In 1908 and 1909 Kolkwitz and 
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Marsonn, in their classic work, classi- 
fied aquatic organisms according to the 
condition of the water of which they 
were typical. In a new revision, Kolk- 
witz (108) has further developed this 
classification and lists plant and animal 
saprobes with descriptions of species 
and the conditions of which they are 
typical. 

Ferramola (63) found that the 
earthy odor of Plata River water is 
caused by the growth of Streptomyces 
in river bottom sand exposed by drying 


southern winds. The odors are ab- 
sorbed by the returning water. The 


dryness of the air, aeration of the soil, 
presence of vegetable wastes and other 
carbohydrates, all favor the develop- 
ment of the Streptomyces. Deuticke 
et al. (53) review the causes of the 
tastes and odors produced by algae. 
They found that the ether-soluble 1i- 
poids contained in three different algae 
vary in composition. The amounts of 
essential oils obtainable by steam dis- 
tillation also vary widely. 

Harvey (82) studied the distribu- 
tion of fungi in the various polluted 
zones in the watersheds of the Great 
and Little Miami River valleys in Ohio. 
Some species were always absent from 
heavily polluted waters, others were 
found in moderately polluted areas. 
Only Aphanomyces showed an affinity 
for polluted water. 

Wastes from buna works contain or- 
ganic materials which stimulate heavy 
fungus growths downstream from the 
plant discharge point. Studies are 
being made to determine these nutri- 
tive substances preliminary to treat- 
ment at the plant (189). 

Gaufin and Tarzwell (69) made in- 
tensive studies of the bottom inverte- 
brate fauna found in the various pol- 
lutional zones of a Midwest stream 
contaminated by domestic sewage. The 
numbers and kinds of bottom organ- 
isms were correlated with the pollu- 
tional zone, season, and physical and 
chemical conditions in the stream. 

Mohr (150) discussed protozoa as 
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indicators of pollution, but feels that 
protozoa along with other animals are 
better indicators of pollution than pro- 
tozoa alone. Protozoa in polluted ma- 
rine waters are similar to species found 
in polluted fresh water. They are sen- 
sitive to toxicants and are reduced and 
eliminated in their presence. Protozoa 
are, therefore, suggested as bio-assay 
organisms in the detection of toxic 
wastes. 

Vinogradov (232) determined that 
the small consumption of oxygen by 
zooplankton cannot affect significantly 
the oxygen content of the water in 
reservoirs where photosynthesis and 
replacement from the atmosphere can 
operate. In the deeper lavers, an oxy- 
gen deficiency can be caused by the 
metabolic demands of 
The oxygen 


these animals. 
consumption for some 
plankton crustaceans was determined. 
Carillo et al. (38) reported that micro- 
erustacea, mostly Cyclops and Diapto- 
mus, were clogging the filters of the 
Buenos Aires waterworks. 20 p.p.m. 
of copper sulfate killed all the crusta- 
ceans within 24 hr. Treatment of the 
raw water with chlorine sufficient to 
leave a 1.5-p.p.m. residual reduced the 
number of crustacea after coagulation 
by 72 to 81 per cent. Coagulation 
alone reduced the numbers of erustacea 
by 22 to 37 per cent. Zischkale (250) 
established the tolerance of several 
aquatie crustaceans, mollusks, and in- 
sects to rotenone, 2,4-D, 2.4,4-T, and 
sodium arsenite. 

Negoro (158) surveyed the physieal, 
chemical, and biological characteristics 
of the acid lakes and streams of vol- 
eanic origin in Japan. pH of the lakes 
varies from 3.5 to 5 and of springs 
from 1.2 to 3.2. The waters are hichly 
mineralized. Sulfur oxidizing bacteria 
are abundant, algae are searce. 

Gray (74) studied the association be- 
tween ciliate protozoa and algae in a 
chalk stream. Although there was no 
close correlation between total bacterial 
numbers and total numbers of ciliates 
present, the highest bacterial numbers 
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occurred where diatom-eating ciliates 
were dominant. Bacteria-eating cili- 
ates were correlated with the presence 
of Gram-negative rods in the bacterial 
flora, whereas Gram-positive rods were 
correlated with the presence of diatom- 
eating ciliates. 

Kuntz and Wells (112) demon- 
strated the toxicity of dinitro-o-cyelo- 
phenyl and its dicyclohexylamine salt 
to mollusks. These were toxie at 3 to 
5 p.p.m. and were not adversely af- 
fected in their action by water of high 
organic content. These are best used 
in conjunction with copper sulfate in 
schistosome vector control. 


B.O.D. and Oxygen Sag 


Widespread realization that photo- 
synthesis frequently is the most impor- 
tant factor in determining oxygen sags 
is the most significant development of 
the year in this field. Stone and Ab- 
bott (215) presented evidence of over- 
all positive contributions of oxygen as 
the result of photosynthetic activities, 
showing that oxygen produced by il- 
luminated green microorganisms would 
not be equaled by the respiration of 
those organisms when in the dark. Ab- 
bott (1) presented test procedures de- 
signed to make allowances for photo- 
synthesis in estimating stream loading 
by effluents. He concluded that condi- 
tions are so complex in rivers that no 
test can be devised to accurately re- 
produce them, and_ stated further 
‘there is a limit to the realism which 
can be imparted to modifications of the 
B.O.D. Ludwig and Oswald 
(129) studied Euglena in sewage-pol- 
luted streams and ponds. In streams 
under favorable nutritive conditions 
(highly polluted) the organisms are 
vigorous and produce an excess of oxy- 
gen. Downstream, in the zones of re- 


covery, the Euglena change morpho- 
logically and physiologically, use more 
oxygen than they produce, and create 
an oxygen demand. Euglena serve as 
a source of food to zooplankton and 
fish. 


Gaufin and Tarzwell (69) pre- 
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sented data on the systematic diurnal 
variation of D.O. along a small creek 
with a single important source of pollu- 
tion. From data which embraced all 
seasons (218), it was apparent that the 
diurnal variation of D.O. was of such 
magnitude that it could not be recon- 
ciled to the usual sag curve concept. 

Snow (212) studied the effect of par- 
tial chlorination of sewages on the ulti- 
mate B.O.D., on oxidation constants, 
and on the initial rate of oxygen con- 
sumption. Iz’yurova (99) pointed out 
the importance of nitrogen, potassium, 
and phosphorous in relation to biologi- 
cal oxidation of petroleum products. 
Natermann (157) suggested certain 
modifications of the method of Fair and 
Kehr (Imhoff, K., ‘‘Tachenbuch der 
Stadtenwasserung.’’ 14th ed.; 1951) 
to take into account river conditions, 
such as weirs, not contemplated in the 
original method. 


Stream Surveys and Studies 


A pollution survey of the Willapa 
River estuary, supervised by the Wash- 
ington State Pollution Control Com- 
mission, to determine the acceptability 
of a proposed kraft-type pulp mill site 
was reported by Sylvester (217). Cal- 
culations based on minimum river flow, 
estuary volumes and velocities, mixing 
(as indicated by chloride concentra- 
tions), dissolved oxygen, and_ toxic 
wastes concentrations, indicate that the 
location of the plant more than 10 mi. 
from the bay entrance will result in 
serious dissolved oxygen depletion in 
the estuary. Constant-rate discharge 
of waste water is recommended, rather 
than discharge at ebb tide only, to 
secure better mixing, as the wastes may 
remain in the estuary up to 38 days be- 
fore discharge into a larger volume of 
dilution water. 

MeDill (140) described the survey of 
the Maumee River conducted by Ohio 
and Indiana personnel working jointly 
toward the abatement and control of 
pollution in that basin. The results in- 
dicate that a 65 per cent reduction in 
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the present pollution load is required 
at the critical flow condition, which has 
been established as the minimum seven- 
consecutive-days average flow which 
will probably oceur in 20 per cent of 
the years. The major water use in the 
basin is for public water supplies. 
The Ohio River Valley Water Sanita- 
tion Commission (170) published a re- 
port of a survey on the Wabash River 
between Keenesburg, Ill., and Terre 
Haute, Ind. The survey consisted of 
two sections: (a) collecting and analyz- 
ing hydrologic, waste discharge, and 
water quality data; and (b) evaluating 
this information in terms of regulatory 
requirements. Youngquist (249) de- 
scribed the purpose and organization of 
the Lake Erie pollution survey being 
conducted by the Ohio Department of 
Natural Preliminary in- 
vestigations have included collection of 
data on the quality of sediment dis- 
charged to the lake by rivers, and bac- 
terial and chemical analyses of tribu- 
tary rivers. On the basis of informa- 
tion thus far obtained, an estimate was 


Resources. 


made of the extent and nature of pollu- 
tion in streams entering Lake Erie and 
of its effect on the use of the lake waters 


for industrial and other purposes. The 
New York State Department of Health 

160) (161) (162) (163) (164) (165) is- 
sued a number of reports on surveys 
made to obtain data necessary to eclar- 
ify the waters in the various basins 
under provision VI of the Public 
Health Law. Generally a summary of 
past surveys, water index system, hy- 
drology, land and water uses, present 
defilement, results of survey, and the 
recommended classification are in- 
cluded in the reports. 

A detailed method for calculating 
the oxygen resources of San Diego Bay 
was described by Nusbaum and Miller 

169). They discuss reaeration from 
the atmosphere, oxygen produced by 
chlorophyll-bearing phytoplankton, and 
oxygen supplied by tidal exchange. 
Oxygen demand loadings are presented. 
Data and supporting material obtained 
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during a survey of San Diego Bay in 
1951-52 by the California Department 
of Health and California Department 
of Fish and Game, along with long- 
range water use objectives, are in- 
cluded. 

Cabejszek and Wlodek (36) reported 
on a survey of the Kamienna River in 
Poland. Physical, chemical, bacterio- 
logical, and biological analyses of river 
water show that the upper reaches of 
the river are not polluted, while the 
waters below the confluence of the 
Kamienna and Szewnianka Rivers show 
pollution. The Kamienna River is very 
heavily polluted from unsatisfactorily 
treated wastes from a sugar factory. 
Stangenberg (214) stated that, except 
at its source, most of the Bystrzyey 
River is like an open sewer. For im- 
provement of the river the author in- 
cludes recommendations to activate all 
available treatment plants, to design 
and construct new ones where needed, 
and to require all plants to submit re- 
ports of operation. 

The effect of industrial wastes dis- 
charge on the Hooghly River in and 
around Caleutta was discussed by Seth 
and Bhaskaran (207). Their survey 
indicated that paper mill wastes caused 
no pollution beyond 50 ft. from the 
outfall and that textile wastes caused 
no pollution zones. The river supplies 
adequate dilution for sewage and in- 
dustrial wastes. 


Abatement and Control 


General interest in the problem of 
abatement and control of water pollu- 
tion has increased during the past vear. 
Schwob and Dworsky (204) review the 
program in water pollution control in 
recent years and state that the Water 
Pollution Control Act of 1948 author- 
izes the Public Health Service to ini- 
tiate the development of programs for 
water pollution abatement. Pirnie (6) 
stresses that any development in waste 
treatment must be worth what it costs. 
National water resources policy relat- 
ing to stream pollution is discussed by 
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Howson (92). Present pollution con- 
trols are believed adequate with control 
invested in the lowest level of govern- 


ment having jurisdiction over the 
stream. Wieters (241) reviews the co- 


operative activities of the state and fed- 
eral governments under the Water Pol- 
lution Control Act of 1948. Schwob 
(12) states that efforts to abate pollu- 
tion will proceed from the ‘‘ fact find- 
ing’’ to the ‘‘practical’’ stage during 
1952. He mentions that there are 22,- 
000 significant sources of pollution 
listed for the nation with 11,800 mu- 
nicipal and 10,400 industrial sources. 
Murdock (156) discusses industrial 
waste pollution and its relation to 
Southern watercourses. He states that 
the Southern Association of Science 
and Industry is taking steps to assure 
that Southern streams are kept suffi- 
ciently clean for the needs of industry, 
agriculture, and the public. 

A review of the water pollution con- 
trol problem from the point of view of 
the refinery operator is presented by 
Nord (168). He discusses the nature 
of pollution, types of contaminants (es- 
pecially oil and phenol), measurement 
of pollution, stream purification proc- 
esses and factors, plant survey and 
treatment, and legal considerations. 
Barron and Henderson (26) review the 
current literature of sanitation recom- 
mended for the engineer’s bookshelf, 
including water supplies, stream pollu- 
tion, sewerage and sewage treatment, 
and industrial wastes. 

Hollis (90) stresses the need for 
more study on physiological and toxico- 
logical effects of both inorganic and or- 
ganic chemicals in water supplies. He 
mentions the membrane filter for bae- 
teriological control and techniques for 
recovering organic chemicals from wa- 
ter for study. Greenburgh (75) dis- 
eusses the pollution of rivers from the 
aspect of preservation of fish life. He 
suggests procedures for sampling river 
water and observations to be made 


when loss of fish has occurred in rela- 
Hoak 


tion to subsequent legal action. 
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(89) discusses theory and practice in 
stream pollution control and stresses 
that the streams themselves provide the 
final criteria of what may be discharged 
to them. 

A number of reports in the Public 
Health Service Water Pollution Series 
were released as summary reports for 
the following drainage basins: Western 
Gulf Drainage Basin (183), Ohio River 
Drainage Basin (184), Southeast 
Drainage Basin (185), Western Great 
Lakes Drainage Basin (186), and Up- 
per Mississippi Drainage Basin (187). 
These cooperative state-federal reports 
summarize information relating to uses 
of water resources, pollution contrib- 
uted to streams, damages to streams 
from pollution, benefits resulting from 
pollution prevention and abatement, 
pollution prevention measures in effect, 
analysis of state water pollution control 
legislation and pollution prevention 
measures required. 

The Ohio River Valley Water Sanita- 
tion Commission, in its Fourth Annual 
Report (171), reviews the activities 
during 1952 of the &-state Commission, 
with description of the projects under- 
taken, methods of operation, progress 
made, and objectives of the Commis- 
sion. The Commission again voiced 
support of fast depreciation privileges 
for industries who must build costly 
treatment facilities for the prevention 
of stream pollution (7). It recom- 
mends passage of legislation amending 
the Internal Revenue Code to permit 
a 5-year write-off of pollution control 
facilities, rather than over the useful 
life of the equipment, to provide an in- 
centive for industrial waste pollution 
abatement. The Commission attended 
ground-breaking ceremonies at Brom- 
ley, Ky., for a new sewage treatment 
plant for the Northern Kentucky Sani- 
tation District No. 1, comprising 16 
separate communities (x0). The treat- 
ment plant will receive wastes from a 
considerable amount of industry and 
136,000 people. Ramshorn (189) dis- 
cusses the magnitude of the water sup- 
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ply and effluent problems in Ruhr re- 
gion. Associations have been formed 
to supervise purification plants on the 
Ems, Ruhr, and Lippe Rivers. Self- 
purification has been increased on the 
Ruhr River by building dams and in- 
stalling pumping plants to pump water 
from one reservoir to another upstream 
reservoir, thus increasing detention 
time. 

Lowe (128) describes the water pol- 
lution situation on the Rio Grande in 
New Mexico. Silt loads, milling of 
radioactive ores, production of radio- 
isotopes, and the increases in popula- 
tion are the important pollution prob- 
lems in the basin. Two drainage basin 
reports were released by the New York 
State Department of Health (166) 
(167). One concerns the Allegheny 
River Drainage Basin and the other the 
Lake Erie, Niagara River Drainage 
Basin. Hess (87), in an Interstate 
Sanitary Commission Report, summa- 
rizes the industrial waste discharges 
from 306 plants distributed along 1,500 
mi.. of shoreline in New York, New 
Jersey, and Connecticut. By mid-1954 
there will be practically no raw sewage 
in any Class A (recreational) waters 
of the Interstate Sanitary Commis- 
sion’s area (8). 

The need for a more complete defini- 
tion of rights to water in relation to 
the many variable conditions of its uses 
because of the increasing use of our wa- 
ter resources is stressed by Harding 
(81). He suggests that problems 
should be solved without major modifi- 
cation of present water law concepts, 
with future changes in water law am- 
plifying and refining rather than re- 
vising fundamentals. The author dis- 
cusses the riparian rights doctrine and 
the appropriation system and summa- 
rizes the methods for acquirement of 
new rights, determination of existing 
rights, and administration of water 
rights. 

Ohio’s new Water Pollution Control 
Act of 1951 went into effect September 
27, 1952 (9). The new act gives a 5- 
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man board authority needed to abate 
pollution, including investigation, re- 
search, and education. Robinson (197) 
reviews the discussion on the new pollu- 
tion control law at the Ohio Conference 
on Sewage and Wastes. MeDill (141) 
discusses the status of the Ohio State 
Department of Health and the organ- 
ization and activities of its water pollu- 
tion control unit in relation to legisla- 
tion concerning control of pollution of 
surface waters. Waring (236) states 
that adequate surveys are needed to 
find all areas where treatment of sew- 
age and industrial wastes are needed. 
He also discusses the Ohio pollution 
control legislation and the financing of 
new works. Maryland law and policy 
relative to stream pollution are sum- 
marized by McKee (143). <A review of 
legislation created by the 1949 Cali- 
fornia Legislature is presented (17). 
The legislation established by definition 
the concepts of ‘‘contamination,’’ ‘*‘ pol- 
lution,’’ and ‘‘nuisanee.’’ Control is 
based on a case-by-case study and 


analysis of water uses, rather than by 


a fixed rule. Baigas (23) presents an 
outline of the New York State pollu- 
tion law and a discussion of how the 
law operates. Since surveys and elassi- 
fication of the state’s waters will not 
be completed until 1963, no enforce- 
ment is foreseen until then. Weiss 
(238) presents a state-by-state sum- 
mary of anti-pollution legislation, in- 
cluding penalties, quality standards, 
and special requirements. Interstate 
and federal pollution control is in- 
cluded. He also furnished the water 
quality criteria adopted by several in- 
terstate agencies and the composition 
and addresses of state water control 
commissions. A report (19) on the pol- 
lution of waters in New Zealand by a 
committee appointed by the Dominion 
Government was released. The report 
directs attention to significant conelu- 
sions regarding the effectiveness of 
present laws, their administration, and 
the consequent results of pollution. 
Legislation in France for the protec- 
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tion of navigable waterways, standards 
for drinking water, control of indus- 
trial development in relation to stream 
pollution, and municipal control of pol- 
lution are discussed by Kempf (105). 
Ile also discusses further aspects of 
legislation in France to protect fish 
in streams from the harmful effect of 
industrial wastes. Walker (234) pre- 
sents a resume of statutes controlling 
pollution of the Thames River. 

Pollution control through the estab- 
lishment of classes and standards is re- 
ceiving increased attention. Several 
articles appeared in the 1952 literature 
relating to classification and standards. 

A comprehensive bibliography (1,368 
references) on water quality criteria 
was prepared by the California Insti- 
tute of Technology (13) for the State 
of California Water Pollution Control 
Board. 

Standards for sewage plant effluents 
adopted by the Royal Commission 
(Eng.) were reviewed by Roberts 


(196). It is claimed that the dilution 


formula developed from the 5-day 
B.0.D. values does not account for the 
reaeration capacity of a stream. 
Milligan (147) reviewed the indus- 
trial waste effluent standards that have 
been adopted by various States. Phelps 
(177) proposes a system of stream clas- 
sification based on ‘‘best usage,’’ and 
the establishment of quality specifica- 
tions for each class. These include a 
stream survey and cost considerations. 
Dappert (49) lists a number of prin- 
ciples that should be observed in de- 
veloping a classification standard sys- 
tem for pollution control. <A brief lee- 
ture on the classification of industrial 
effluents, their effects on streams, water 
supply in relation to pollution, and 
commercial uses of stream water is pre- 
sented by Lovett (127). <A report of 
the Mersey River Board for 1951-2 
(16) divides rivers into ‘‘industrial’’ 
and ‘‘fishing’’ categories. It states that 
there are 89 different industries pro- 
ducing waste effluents in the Man- 
chester area alone and pollution from 
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such diverse wastes makes ordinary 
standard tests valueless. The Rivers 
Act of 1951 (Great Britain) set up 
river boards and empowers them to 
make surveys and to prescribe stand- 
ards for both domestic and industrial 
effluents (14) 

MeCabe (139) discusses the interre- 
lationship of air pollution and water 
pollution. Other reviews (10) (20) 
stressed the factors involved and the 
methods employed, the sources and 
characteristics of pollutants, sampling 
and metering techniques, regulations, 
and organization of water pollution 
control boards. 

Pollution of ground water is a seri- 
ous problem in certain sections of the 
world. Articles in the literature de- 
scribe problems in Michigan (4) with 
pollution of ground water by small in- 
dustries and oil and gas field brine and 
in the British West Indies (114) sew- 
age is disposed of by pumping into 
borings in the coral strata. 

Several articles in the literature 
stress the importance of stream pollu- 
tion evaluation and the methods em- 
ployed. Hedgepeth (85) discusses the 
difficulties involved in measuring pollu- 
tion in order to fix standards of treat- 
ment. He stresses that no method is 
universally applicable and that each 
case must be judged on its own merits. 
Corti (45) discusses the conditions of 
modern life in Switzerland which are 
making it important to develop meth- 
ods of protecting surface and ground 
waters from pollution. 

Mooser (153) reviews the various 
types of diseases which may be spread 
by water, with reference to some classi- 
cal epidemics from which the relations 
between water and disease were de- 
duced. 

Draemel (55) describes the silting of 
rivers in Pennsylvania resulting from 
widespread cutting of forests, which 
led to rapid water runoff and heavy 
soil erosion. In addition, the rivers 
are polluted with industrial wastes, 
particularly from mines. He discusses 
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the methods used in the conservation of 
rivers, especially the Schuylkill. 

To reduce the pollution in the Buf- 
falo River by dilution is the aim of five 
companies in the Buffalo, N. Y., area 
(11). They are teaming their re- 
sources to pump Lake Erie water for 
plant use, for subsequent discharge to 
the Buffalo River. 

Regan (191) sketches briefly the his- 
tory of the disposal of the sewage of 
London and follows with a description 
of the field work conducted from 1893 
to 1952. Some of the factors which 
affect the condition of the tidal portion 
of Thames River are presented and the 
results of 60 years of systematie sam- 
pling are summarized with tables. 
Since the dissolved oxygen content at 
the Southern outfall has been practi- 
eally zero since 1946, the London 
County Council is considering various 
plans for addition to the works so that 
some dissolved oxygen may always be 
present in the river off the outfall 
works. Mills (148) presents a step-by- 
step method for performing a pollution 
abatement program in tidal waters. 
The program is illustrated by its ap- 
plication to oil refinery wastes. 

The problems of industrial waste dis- 
posal and pollution abatement are in- 
terdependent, especially when critical 
conditions exist. One method of im- 
proving the situation is by effecting 
pollution abatement through water con- 
servation, and Hauck (83), Fox (67), 
and Howell et al. (91) discuss this 
method. Re-use, combined with waste 
treatment, is the key to water con- 
servation. 

Stream pollution in relation to tan- 
nery wastes is discussed in several arti- 
cles in the literature (221) (192) (193) 
and the importance of treating these 
wastes is stressed. Pondaven (181) dis- 
cusses the pollution of streams by dis- 
tillery wastes and Coogan (43) pre- 
sents factors which influence pollution 
problems associated with the operation 
of sugar factories. A program of sur- 
veying stream conditions to determine 
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the effect of grinding operations on wa- 
ter in streams is being conducted. 
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SIGNIFICANT TRENDS AND 
SUMMARY 


The literature review should serve 
the major purposes of (a) giving a 
digest and summary of the year’s 
accomplishments, developments, and 
trends to those who have little time or 
facility to follow the current literature ; 
(b) furnishing a ready reference for 
further search and inquiry to those 
who are interested in a particular phase 
or paper; and (c) evaluating the litera- 
ture critically, indicating trends, and 
calling attention to needs and future 
developments. 

That the review is comprehensive is 
attested to by the listing of 634 refer- 
ences. It is possible that a few signifi- 
cant references have been missed, de- 
spite the diligent and conscientious 
search of 24 reviewers of various seec- 
tions. At the same time, the list of 
references could be increased by includ- 
ing contributions of minor significance. 
However, a deliberate effort has been 
made to eliminate such references as 
much as possible. 

The listing of references at the end 
of each of five major topical divisions 
is for the accommodation of readers in- 
terested only in certain phases of the 
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review. A comparison of the number 
of references under each division of 
the present review with those in 1951 
is as follows: 


Section 1952 1951 
Analytical methods 55 52 
Sewage 129 201 
Radioactivity 51 94 
Industrial wastes 149 164 
Water pollution 250 256 
Total 634 767 


The decrease of 133 references over 
the previous year is not necessarily sig- 
nificant of a decrease in the number 
of published papers, because of the 
greater selectivity practiced this year. 
It is, however, significant that the 
greatest decrease is in sewage. 

A comprehensive coverage need not 
necessarily be incompatible with the 
critical evaluation of the papers and 
yet there is a tendency to subordinate 
and sacrifice critical evaluation and 
significant trends in a rapid recital of 
a great number of references. An at- 
tempt is made in this section, there- 
fore, to point out such trends and sig- 
nificant contributions from the mass of 
material covered. 


Analytical Methods 


The detection and identification of 
small quantities of organic materials 
present in water by concentrating it 
by filtration calls attention to the need 
of newer chromotographic, spectropho- 
tometric, and other methods for the 
study of the specific nature and quan- 
tities of the various organic compounds 
present in sewage and industrial wastes 
and the intermediate and other meta- 
bolic products produced in the various 
treatment processes from the stand- 
point of physiological and toxicological 
effects. 

A method of great promised useful- 
ness in the enumeration of bacteria has 
been the development of membrane 
filters and their application to the de- 
tection of specific bacteria in water 
and sewage. 


2 4 
ras 
: 
3 
i 
ee, 
Z 


682 


A need exists for a more accurate 
evaluation of residual chlorine in rela- 
tion to different levels of coliform or- 
ganisms in the effluent. The ampero- 
metric method may furnish certain 
advantages over existing methods. 

There is need for a compilation of 
the B.O.D. of various organic chemicals 
that might be found in sewage and 
industrial wastes, as well as for an ac- 
curate and reliable method of deter- 
mining the quantity of various deter- 
gents. 


Sewage 


A promising development in settling 
tank design with radically sloped bot- 
toms shows some advantage over con- 
ventional tanks. 

The trend in biological filtration has 
been in the direction of a more precise 
evaluation of the effect of a number 
of factors (such as temperature, pH, 
recirculation, ventilation, loading, and 
rate of distributor rotation) on the 
performance and efficiency. 

An additional modification, desig- 
nated as the ‘‘Spirovortex’’ method, 
and a further study of aeration in a 
high-oxygen atmosphere, constitute the 
new developments in the activated 
sludge process. Further studies in air 
diffusion methods and reoxygenation 
capacities of different methods of aera- 
tion are in the direction of improved 
utilization of air. 

Additional fundamental studies on 
the effect of detergents on various 
treatment processes, and in particular 
on frothing in aeration tanks, have 
been made. It has been shown that, 
in addition to detergents, other factors, 
such as solids concentration in the 
mixed liquor and length of aeration 
period, play a role in frothing. 

It is of interest to note that from a 
number of different sources, independ- 
ent investigations have shown the dele- 
terious effects of sulfides and sulfites 
on sludge digestion. Sulfates also have 
an inimical action if present in suffi- 
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cient quantities, since they are readily 
reduced to sulfides. Methods of over- 
coming this deleterious effect of sulfides 
on digestion have not been entirely 
successful or practical. 

A new impetus is given to the treat- 
ment of sewage by lagooning by the 
fundamental studies under way in the 
University of California, where the 
factors involved in establishing a suc- 
cessful symbiosis between algae and 
bacteria are being determined. The 
recovery of algae cells as animal feed, 
if successful, should make this method 
of treatment more attractive. 


Industrial Wastes 


A number of examples of recovery of 
by-products are evident in the litera- 
ture. Some of these are (a) recovery 
of vitamin B,. from activated sludge, 
(b) recovery of animal feed from ecan- 
ning wastes, (ce) recovery of oil from 
petroleum refining wastes, (d) recovery 
of grease from wool scouring wastes, 
and (e) recovery of gas liquor as fer- 
tilizer. 

The number of installations utilizing 
spray irrigation as a method of dis- 
posal of cannery wastes has been in- 
creasing. The influence of a number of 
fundamental factors remain to be 
worked out, however, before the proe- 
ess can be put on a sound basis. 

In the dairy waste treatment field. 
interest and trend seems to be in the 


direction of aerobic process develop- 


ment. It remains to be seen what the 
effect on the balance of the 
stream will be when the effluent con- 
taining the dispersed bacterial cells, 
which have been shown to have a con- 
siderable endogenous respiration oxy- 
demand, is discharged. The re- 
covery of the bacterial cells as foodstuff 
and as a source of vitamins should be 
an added benefit, besides the effect of 
their removal on the oxygen balance of 
the stream. 

Additional information from instal- 
lations embodying biological processes 
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for the treatment of antibiotic wastes 
is becoming available. Biological treat- 
ment is also being used for the treat- 
ment of wastes containing formalde- 
hyde and petroleum refining wastes. 

There is considerable information 
accumulating on the use of ion ex- 
changers for the removal of inorganic 
toxic materials, such as Cu, Zn, Cr, and 
Ni, with and without recovery of the 
metals. 

Destructive catalytic oxidation for 
the treatment in aqueous or vapor 
phase of wastes containing low conecen- 
trations of organic compounds is out- 
standing. 

An example of a cooperative solution 
of a waste disposal problem is the study 
of the oxidation of phenol in ammonia 
still wastes by chlorine, chlorine di- 
oxide, and ozone by Orsanco. Gary, 
Ind., is still another example of satis- 
factory solution of a problem by co- 
operation between industry and munic- 
ipality in the treatment of ammonia 
still wastes. The attempts of national 
trade associations to solve the problems 
of their respective industries is con- 
tributing to the information available 
for pollution abatement. Noteworthy 
developments are the aeration process 
for the treatment of kraft mill effluent 
and de-inking wastes, the evaporation 
process for sulfite pulping liquors, and 
laboratory investigations on the treat- 
ment of cook and wash liquors from 
rag, rope, jute, specialty products, and 
white water. 

In general, industrial waste treat- 
ment is going through a period of in- 
tensive basic and applied research for 
the development of new methods of 
treatment and firmer establishment and 
application of old methods. 

Considerable information is being 
obtained for the treatment and disposal 
of wastes arising from production of 
radioactive materials. These same ra- 
dioactive materials have been success- 
fully used as tracers for determining 
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flow patterns in streams, tanks, and 
pipes. 


Water Pollution 


Attention is called to the various ref- 
erences dealing with the isolation of 
pathogenic bacteria from polluted wa- 
ters and sewage. Additional evidence 
is being obtained of the ability of water 
bacteria to produce antagonistic sub- 
stances and of bacteriophages under 
laboratory conditions, but whether 
these substances are actually responsi- 
ble for the decrease of bacteria under 
the natural environment is open to 
question. The rapid decrease of coli- 
form organisms in sea water has been 
accounted for by dilution, bactericidal 
action of sea water, and predation. 

Special attention is called to the biol- 
ogy sub-section of the Water Pollution 
Section for those interested in fish mor- 
tality, and bio-assays. The coverage of 
foreign literature pertaining to this 
subject is extremely valuable and com- 
prehensive. In addition, there is con- 
siderable information in this section on 
the role played by aquatie plants and 
animals, the effect of various wastes on 
them, and their use in classifying pollu- 
tional zones in the stream. From a 
number of independent sources comes 
evidence of toxicity of certain types of 
algae to animals. 

A number of extensive stream sur- 
veys have been made, but the trend 
seems to be to pass from the fact find- 
ing stage to the practical control of 
pollution abatement. The interest in 
effluent and water standards and 
stream zoning continues, but special 
mention must be made of the publica- 
tion of water quality criteria by the 
California Water Pollution Control 
Board, which takes the viewpoint of 
case-to-case study of each problem of 
pollution with the abatement require- 
ments to be based on the beneficial use 
to which the water under consideration 
is to be put. 
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Sewage Works 


REHABILITATION OF THE SCHENECTADY SEWAGE 
TREATMENT PLANT * 


By Epwarp S. Orpway 


Principal Engineer, Havens and Emerson, New York, N. Y. 


The remodeling and modernizing of 
an old sewage treatment plant involves 
many unusual problems seldom, if 
ever, encountered in entirely new con- 
struction. In cases where structures 
are sound and readily susceptible to 
remodeling, it is a thoroughly satisfy- 
ing experience to see the old structures, 
built so well years before, remodeled 
and given new life for many more 
years of useful service. The feeling 
is one of worth-while economic vain. 

A case in point is the rehabilitation 
of the sewage treatment plant of the 
City of Schenectady. 


Original Plant 


The original plant, located on the 
east bank of the Mohawk River, was 
first placed in operation in January, 
1915. It was designed to treat an aver- 
age flow of 12.0 m.g.d. as contributed 
by a population of about 90,000 per- 
It consisted of hand-cleaned bar 
racks, 9 settling tanks of the two-story 
Imhoff type, 3 automatic-siphon dosing 
tanks, 3  standard-rate  fixed-nozzle 
trickling filters having 5-ft. depth of 
stone. Filter effluent flowed by gravity 
to the river without final sedimentation 
or humus tanks. An emergency eftlu- 
ent pumping station, located on the 
river bank, was provided to pump plant 
effluent to the river during flood stages. 
suildings were provided for office, 
plant laboratory, and storage space for 


Sons. 


* Presented at 25th Annual Meeting, Fed- 
eration of Sewage and Industrial Wastes 
Assns.; New York, N. Y.; October 6-9, 1952. 


tools and equipment. Open sand dry- 
ing beds were provided for dewatering 
digested sludge from the Imhoff tanks. 

The annual report for 1939, which 
celebrated a quarter century of opera- 
tion, called this plant ‘‘one of the first 
modern sewage treatment plants of the 
country.’’ The following analytical 
data on the characteristics of the raw 
sewage and plant effluent, taken from 
that same report, give evidence of the 
excellent performance obtained: 

Final 


Effluent 
p.p.m. 


Total solids 541 375 
Suspended solids 177 36 
Settleable solids 152 ~ 

B.O.D., 5-day 119 16 


Raw Sewage 
p.p.m. 


In a 1947 study of the sewage dis- 
posal problem of the city, it was esti- 
mated (there were no flow meters in 
the old plant) that the daily average 
flow reaching the treatment plant was 
about 10.0 m.g.d. and that another 5.0 
m.g.d., or one-third of the total sewage 
flow, was being by-passed directly to 
the river at one point or another within 
the city. 

The basis of design for treatment 
plant improvements was _ predicated 
upon the following general conditions: 

1. Regulations of the State Depart- 
ment of Health, which permitted use 
of plain sedimentation. 

2. The expressed desire of city offi- 
cials to make maximum use of existing 
facilities. 

3. The pressing need for additional 
trunk sewer capacity so that all sewage 
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flows could be delivered to the treat- 
ment plant. 

4. A desire to continue development 
of a market for sludge as fertilizer. 


As a result of study of population 
growth, water consumption, and sew- 
age flows, it was coneluded that the 
proposed plant expansion should be de- 
signed on the basis of an average daily 
flow rate of 20.0 m.g.d. It was ex- 
pected that this rate would obtain in 
about 1970, coincident with a tribu- 
tary population of approximately 
125,000 persons. 


Modernized Plant 


The modernized treatment plant, 
which is presently nearing completion, 
consists of mechanically-cleaned rack 
screens, grit removal, plain sedimenta- 
tion, and chlorination. Sludge from 
the settling tanks will be digested in 
separate, heated digestion tanks; de- 
watered on vacuum filters; heat-dried 
in a flash drier; and either bagged for 
sale as fertilizer or destroyed by burn- 
ing. 

The existing trunk sewer is approxi- 
mately 8,400 ft. long and has a slope 
of 0.0194 ft. per hundred. The lower 
portion is a reinforced concrete box 
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6 ft. wide, 3 ft. 7 in. deep, and of 20.33- 
sq. ft. cross-sectional area. 

In the old plant the flow line was 
maintained at a high level. The ad- 
verse effects of this high level were 
two-fold; first, during periods of high 
flows the outlet became choked, with 
a resultant decrease in carrying ¢a- 
pacity ; and, second, the extremely low 
velocities which obtained during low 
flow periods resulted in a deposition of 
sewage solids in the conduit. Actually, 
when the trunk was dewatered, this 
accumulation measured 17 in. in depth. 

Hydraulic studies of this line re- 
vealed that, when flowing completely 
full, the existing conduit has a ¢a- 
pacity of 23.0 m.g.d. When the flow 
line is kept below the roof, however, 
it has a capacity of 30.0 m.g.d., due to 
favorable outlet conditions. This is 
equal to 200 per cent of present aver- 
age flow rates and 150 per cent of esti- 
mated 1970 average flows. It was ap- 
parent that this capacity would be 
adequate for some years to come ex- 
cept for extreme storm conditions. A 
siphon overflow is contemplated at the 
upper end of the trunk to by-pass storm 
flows in excess of 30.0 m.g.d. 

The conclusion of these studies was 
in general agreement with a similar in- 
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FIGURE 1.—Calculated flow lines in existing Schenectady trunk sewer. 
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FIGURE 2.—Old Imhoff tanks prior to alterations. 


vestigation conducted by engineering 
personnel of the city in 1933. Both 
indicated the necessity for lowering the 
flow line at the treatment plant to in- 
sure free-flow conditions during pe- 


riods of high flow and sufficiently high 
velocities during low flows to prevent 


deposition of grit and heavy sewage 
solids. The hydraulic gradient of the 
remodeled plant has been chosen to 
accomplish these results. Figure 1 in- 
dicates some of the flow conditions cov- 
ered by the studies. 

At the entrance to the plant, the 


FIGURE 3.—Imhoff tanks converted to settling tanks to handle greater flow. 
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FIGURE 4.—Inlet end of remodeled settling tank. 


sewage passes through two mechani- 
‘ally-cleaned rack sereens each 5 ft. 
wide and having 1-in. clear openings, 
followed by a 30-ft. square detritor 
having a capacity of 10 to 40 m.g.d. 
for the removal of grit. It then passes 
into the inlet channels of plain sedi- 
mentation tanks, which are the result 
of alterations and additions made to 
the old Imhoff tanks. Figure 2 shows 
the old tanks prior to start of altera- 
tions. Since these old tanks were much 
shallower than the usual Imhoff tank, 
new flat-bottom slabs were located at 
about the top of the old sludge hop- 
pers; division walls were knocked out; 
new inlet and effluent channels were 
added; continuous flight sludge col- 
lectors were installed; and new walk- 
ways were built around the top of the 
tanks to replace the rather meager ones 
removed from the old tanks. Figure 
3 shows the same tanks near the com- 
pletion of the alterations. 

The tanks, as remodeled, are some- 
what unusual, as they represent quite 
a departure from the ordinary me- 


chanically-cleaned plain sedimenta- 
tion tanks. They are 94 ft. 8 in. long, 
18.0 ft. wide at the bottom, and 29.0 
ft. wide at the top, with an average 
water depth of &.85 ft. Because the 
flight skimmers are only effective over 
the center 18 ft. of the surface, water 
sprays (using settled sewage) are in- 
stalled along each side of the tanks to 
direct floating matter into the path of 
the collectors. Figure 4 shows the in- 
side of the remodeled tank looking to- 
ward the inlet end. 

The converted tanks are expected to 
provide a 2-hr. detention period for a 
flow of 16.5 m.g.d. Space is available 
for two additional conventional settling 
tanks when required. 


Chlorination Facilities 

Settled sewage will be chlorinated by 
two 6,000-lb. machines as it passes 
through a chlorine building. Two 
multi-pass chlorine contact tanks will 
provide a 15-min. detention at esti- 
mated 1970 maximum flow of 40.0 
m.g.d. 
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A Venturi meter is located in the 
chlorine building with a register for 
indicating-recording-totalizing flows of 
settled sewage. Chlorine dosing rates 
will be automatically controlled from 
the Venturi meter. Although post- 
chlorination is expected to be the nor- 
mal practice, provision has been made 
for pre-chlorination if desired. 

In addition to oxygen breathing 
masks and large-capacity exhaust fans 
installed in the chlorine building, a 
special enclosed pit is provided where 
a leaking 1-ton container can be placed 
by the monorail. <A hydraulically-oper- 
ated aspirator is provided to withdraw 
escaping gas and discharge it, largely 
in solution, into a storm drain and then 
into the river. 

This equipment is somewhat of a de- 
parture from usual procedure, but is 
considered worth-while since it elimi- 
nates the necessity of rolling a leaking 
container into the open air where the 
gas could be blown about and might 
become a hazard. 

Chlorine contact tank effluent is dis- 
charged by gravity to the river through 
a submerged outfall, except during 
flood stages, when it must be pumped. 


Sludge Handling 


Sludge and skimmings from the set- 
tling tanks are to be pumped to four 
circular digesters. Each tank is 65 
ft. in diameter, has a sidewall depth of 
18 ft., and is protected from the 
weather by earthen embankments. 
These will provide 2 cu. ft. per capita 
capacity. All are equipped with con- 
ventional-type floating auto- 
matic supernatant and ex- 
ternal sludge heaters arranged to burn 
sludge gas or fuel oil. 

Some of the most troublesome prob- 
lems of a sewage treatment plant fre- 
quently develop in the handling, diges- 
tion, and disposal of sludge. One sel- 
dom, if ever, hears an operator or plant 
superintendent complain of too much 
flexibility in the control piping of di- 
gestion tanks. When the going is 
rough, however, all too often one finds 
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the air ‘‘blue’’ because of lack of some 
relatively simple cross-connection or 
control feature. 

The piping comprising the control 
system of the new digestion tanks is 
somewhat more extensive than many 
others, but it is felt that the added 
flexibility of operation afforded justi- 
fies the cost involved. 

All piping, control equipment, and 
heaters are located in a digester con- 
trol chamber nested between the four 
tanks. The piping system is arranged 
to permit operation by either single- 
or two-stage digestion. Sludge or 
supernatant can be recirculated within 
any tank or between two different 
tanks, either directly or through one 
of the heaters. Digested sludge can 
be sent either to the old sand drying 
beds or to the vacuum filters in the 
sludge disposal building. Supernatant 
“an be pumped to the plant inlet or to 
the old sludge drying beds. 

Gas meters are included for measure- 
ment of the quantities of gas produced 
in each tank and the quantity used 
by the sludge heaters. Gas in excess 
of requirements for sludge heating can 
be burned in the sludge incinerator. 
A waste gas burner is provided for 
disposition of excess gas when the in- 
cinerator is not in service. 

A tunnel connects the basements of 
the digester control chamber and the 
sludge disposal building. This tun- 
nel not only provides underground ac- 
cess from one building to the other, 
but also contains all interconnecting 
piping. 

Digested sludge will flow from the 
digestion tanks to a sludge sump in the 
sludge disposal building directly be- 
low the vacuum filter installation. The 
sludge will be conditioned with ferric 
chloride and lime, dewatered on the 
vacuum filters, and discharged by belt 
conveyor to the flash drier. 


Vacuum Filters and Incinerator 


The vacuum filter installation con- 
sists of three units, each 6 ft. in di- 
ameter by 6 ft. long, having a total 
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area of 339 sq. ft. Space is provided 
for the addition of a fourth unit when 
required. 

Assuming that there will be a 30 
per cent reduction in solids during 
digestion, and making allowance for 
conditioning chemicals, it is expected 
that the 1970 solids loading will be 
about 1,400 lb. per hour, based on 14 
hr. of filter operation per day. Re- 


sulting filter loadings, expressed in- 


pounds of dry solids per hour per 
square foot of vacuum filter surface, 
under present and future conditions, 
are summarized as follows: 


No. of Filters Present Future 
2 4.7 6.2 
3 3.1 4.1 
4 3.1 


The sludge incinerator will be ca- 
pable of burning 1,500 lb. of dry solids 
and evaporating 3,500 lb. of water per 
hour. The design contemplates de- 
livery of a filter cake containing 70 
per cent moisture. 

The incinerator unit installed is of 
the flash drying, mixed-combustion 
type, which can be operated for evapo- 
ration of moisture from the sludge so 
that it can be used or sold as a ferti- 
lizer base. It can also be operated for 
high-temperature combustion of the 
burnable portions of the sludge, leaving 
a non-offensive mineral ash, which will 


City Manager, Schenectady, N. 


The conversion of the Schenectady 
Imhoff tanks to mechanically-cleaned 
settling tanks should serve as a chal- 
lenge to the designers of new facilities 
for old plants to balance engineering 
with economics and, wherever feasible, 
to save and convert old units into new 
ones. The surprisingly good condition 
of the underwater portions of the 
Schenectady Imhoff tanks, after 38 
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be pumped to an ash lagoon for de- 
watering. 

When operated as an incinerator, the 
fuel value of the sludge itself is ex- 
pected to be generally sufficient for 
maintenance of suitable combustion 
conditions. When operated as a drier, 
sludge gas, fuel oil, or a combination 
of both will be used as fuel for evapo- 
ration of moisture from the sludge 
cake. 

A promotional campaign developed 
a sizable local market for the air- 
dried sludge of the old plant. It is 
the intention to renew and intensify 
this campaign for development of an 
even bigger market for the heat-dried 
sludge. Asa result, a bagging machine 
is provided, together with a monorail 
hoist, storage space for the bagged 
product, and other facilities essential 
to such an operation. 


Method of Financing 


The cost of the modernization pro- 
gram described is to be financed 
through sewer service charges levied 
against properties served by the sewer 
system. During the past year these 
charges have been collected on the 
basis of temporary rates, which were 
put in force pending completion of a 
detailed study and establishment of 
rates suitable for present and future 
requirements. 


years of service, should be an incentive 
for other plants to ‘‘look before you 
serap.’’ 

Over and above the engineering and 
financial benefits of converting old fa- 
cilities to new units, there is the public 
appeal value of a remodeling project. 
There is something about the rebuild- 
ing of a structure which appeals to an 
old-fashioned sense of economy. In 
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many cities which must now 
rebuild sewage treatment plants were 
pioneers in the field, whereas other 
cities were doing nothing about sew- 
age treatment. If the pioneering cities 
feel that their original investments are 
not totally lost, but are being used to 
save construction costs, the new invest- 
ments will be more favorably received. 
It must be understood that some pio- 
neering cities are faced with recon- 
struction, enlargement, and moderni- 
zation projects, while neighboring com- 
munities are still hesitating about 
construction of their first treatment 
plant. 

In the case of Schenectady, the sav- 
ing of the shell of the old Imhoff tanks 
spared the city some very bad excava- 
tion conditions, which originally caused 
the tanks to be built as perhaps the 
shallowest Imhoffs in municipal prac- 
tice. 


cases, 


In addition to this saving, a ma- 
jor economy in construction was 
achieved by lowering the flow line 


through the treatment plant and avoid- 
ing the necessity for reconstructing a 
114-mi. long conduit through difficult 
terrain and a heavily developed area. 
This trunk sewer has been seriously 
surcharged at flows of about 10 m.g.d., 
but will safely carry a flow of 30 m.g.d. 
under unsurcharged conditions made 
possible by the new flow line in the 
settling tanks. Here is a dramatic ex- 
ample of the point that designers must 
consider the economics of every phase 
of a plant reconstruction project. One 
word of caution is indicated; although 
economies may be achieved by recon- 
version such as has been praticed at 
Schenectady, it is essential to point 
out that the work of the designing en- 
gineer is more difficult on a reconstruc- 
tion project than on a totally new one. 
Added to this complication is the fact 
that a redesigned plant does not always 
give the same geometrical perfection 
which achieved when a new 
works is designed and constructed on 
a new site. 

One of the features of the Schenec- 
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tady plant deserves particular mention. 
The old plant provided secondary treat- 
ment by means of trickling filters for 
approximately 55 per cent of the city’s 
sewage flow. Now the State Water 
Pollution Control Board is willing to 
‘‘swap’’ primary treatment of all of 
the sewage flow for secondary treat- 
ment of only a part of the flow. Actu- 
ally, in terms of removal of B.O.D. 


-and suspended solids, it might easily 


be demonstrated mathematically that 
the old treatment facilities were pro- 
viding as good over-all protection for 
the Mohawk River as the new plant 
will provide. This, of course, is a 
broad categorical statement, because 
the elimination of heavy raw sewage 
solids will be a great boon to the river, 
as will chlorination of the 
effluent. In addition, the novelty of 
providing trickling filter treatment 
without final settling facilities resulted 
in the periodic unloading of much hu- 
mus solids from the filters directly into 
the river. 

This ‘‘swapping’’ of secondary treat- 
ment for primary treatment, rather 
than being inexplainable, is an intelli- 
gent application of the principle of 
pollution control by the use of a stream 
classification system, because the Mo- 
hawk River will require only primary 
treatment to meet the classification 
which will be imposed upon it by the 
State Water Pollution Control Board 
after its engineering surveys have been 
completed. But the stream will need 
primary treatment by all communities, 
not by only one. Streams cannot be 
cleaned up by ‘‘spot’’ treatment. The 
solution for pollution can be achieved 
only by concerted action. Unified ac- 
tion will clean up an entire stream 
basin and will avoid the inequities of 
one city ‘‘doing it all.’’ 

There is still another point to be 
made about the Schenectady project, 
which was so well described by Mr. 
Ordway. A plant must be designed to 
meet the needs of the community, in 
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addition to the needs of the stream. 
The decision to provide for alternate 
sludge drying or sludge incineration 
came as a recognition of the fact that 
a reasonably active market had been 
developed for crude air-dried sludge 
by dint of years of promotional effort 
among farmers, produce growers, and 
home owners. In addition, the city 
had pulverized small amounts of sludge 
and sold the material under a trade 
name that de-emphasized the word 
‘*sludge’’ and stressed the organic soil- 
conditioning value of sewage residue. 
Because of the expected availability of 
a market for heat-dried soil building 
material, provision has been made for 
drying the sludge by flash drying and 
bagging it under the name of ‘‘Orgro.’’ 
It is hoped that the name of the prod- 
uct will catch the fancy of the many 
gardeners in the Schenectady area. 
As previously mentioned, many of 
the treatment plants now in service in 


The Nation’s progress in reducing 
the pollution of its water resources 
through construction of municipal sew- 
age treatment plants has been summa- 
rized in a report recently released by 
the U. S. Publie Health Service, De- 
partment of Health, Education, and 
Welfare. The report indicates that in 
1952 a total of 515 communities in the 
United States awarded contracts in- 
volving an expenditure of $137,000,000 
for this type of construction. Of these 
contracts, 314 were for new plants cost- 
ing $78,419,556 and 201 were for addi- 
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the United States need rebuilding or 
will soon require some degree of re- 
construction. It is significant that 
these changes will involve not only 
structural reconversions, but also con- 
versions of the basic process of sewage 
treatment. The predominating change 
will be from manual operations to 
mechanized operations. The details in- 
volved in the conversion of the Sche- 
nectady plant will not necessarily ap- 
ply of course, to other plants. 

It should be noted also that no re- 
construction job can be solved by tak- 
ing a set of plans off the shelf and con- 
verting them to local conditions. Each 
conversion job is a challenge in itself. 
However, the fact that the Schenectady 
conversion project was successfully de- 
signed, safely constructed, and will 
probably be effectively operated should 
encourage other communities to thor- 
oughly investigate the engineering and 
economic feasibility of this principle. 


tions, enlargements, or replacements of 
existing plants, costing $58,789,133. 

The report compares the 1952 con- 
struction rate with the annual rate of 
from $450,000,000 to $500,000,000 esti- 
mated to be required over a 10-year 
period to bring the pollution caused by 
municipal wastes under reasonable con- 
trol. The 1952 total of $137,000,000 is 
less than that for any year since 1948, 
and also falls short of the long-term 
average of $141,000,000 for the period 
1915-1950. 


. 
= 
4 
: Me 
a 
: 


Organic matter decomposes rapidly 
in water because of its ready avail- 
ability to microorganisms and their en- 
zymes when in solution. Saprophytie 
microorganisms convert complex sus- 
pended or dissolved organic compounds 
to simple substances such as carbon 
dioxide and ammonia. Because oxygen 
is the ultimate hydrogen acceptor in 
the oxidations that accompany these 
rapid conversions, it frequently be- 
comes so depleted that aerobic oxida- 
tion is halted. 

Secondary sewage treatment proc- 
esses involve the oxidation of dissolved 
or colloidal organic matter in settled 
sewage by microorganisms under con- 
ditions wherein oxygen does not be- 
come depleted. Most of these, such as 
the activated sludge process or the 
trickling filter process, are so designed 
that oxygen from the atmosphere is 
forced to enter the liquid phase at an 
accelerated rate. 

Photosynthetic oxygenation is a com- 
pletely different method of supplying 
the needed oxygen. Photosynthetic 
oxygenation may be defined as the pro- 
duction of oxygen through the action 
of light on the chloroplastic tissue of 
microscopic green plants, growing dis- 
persed in the aqueous medium. This 
oxygen is produced by photosynthesis 
and derived from the decomposition of 
water. Its availability is independent 
of the physical laws normally govern- 
ing oxygenation from atmospheric 

* Presented at 25th Annual Meeting, Fed- 
eration of Sewage and Industrial Wastes 
Assns.; New York, N. Y.; Oct. 6-9, 1952. 
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sources. Bodies of water containing 
green algae may attain supersaturation 
with dissolved oxygen up to three or 
four times the normal saturation value 
of water when in equilibrium with the 
atmosphere. 


Sewage Oxidation Ponds 


Sewage lagoons or oxidation ponds 
have been employed by sanitary engi- 
neers in the United States, mostly in 
the West and Southwest, in an effort to 
make use of photosynthetic oxygena- 
tion together with natural reaeration. 
Figure 1 is a schematic representation 
of such a pond. 

When sewage enters the lagoon, bac- 
teria are already at work. Decompo- 
sition of the sewage organic matter 
progresses swiftly. Carbon dioxide 
and ammonia are produced, some of 
which escapes to the atmosphere. Oxy- 
gen is consumed at a rapid rate, and 
when pond loadings exceed certain lim- 
its, complete oxygen depletion occurs, 
particularly in the initial sections of 
the pond. These various actions make 
up the bacterial phase. Field observa- 
tions indicate that it is normally com- 
pleted in 10 days, provided continuous 
aerobie conditions are maintained. 

Following the period of bacterial ac- 
tion, and when light and temperature 
are satisfactory, algal populations ap- 
pear in significant numbers. Photo- 
synthetic oxygenation occurs, and 
should the water become supersaturated 
with oxygen, gaseous oxygen will es- 
cape to the atmosphere. The algae 
fix available carbon (that is, carbon 


wg 

= 
a 
is 


Vol. 25, No. 6 


ALGAE IN OXIDATION PONDS. ITI. 


BACTER,, 


STABILIZED 
SEWAGE MBIOSIS EFFLUENT 
+ 

BACTERIA ALGAE 


BACTERIAL PHASE 


CO, JAND NH; OXYGEN 
t 
OXYGEN C0, 


ALGAL PHASE 


_ 


OXIDATION POND 


i. i iL L L iL i j 


t 


dioxide made available from the alka- 
linity of the water, by bacterial 
metabolism, or by solution from the 
atmosphere). Available nitrogen is 
synthesized into cell protein. Finally, 
the mixed liquor, comprised of spent 
sewage and a large amount of algal 
cells including their excretory prod- 
ucts, is discharged. 

The efficiency of such a system leaves 
much to be desired. Oxygen is pro- 
duced and wasted at a time and in a 
place where it is not needed. Also, 
from the point of view of algae yield, 
carbon dioxide is produced and lost 
that might be utilized to promote 
gcrowth of additional algae. Moreover, 
valuable organic and inorganic sub- 
stances are finally discharged and 
wasted. 

This picture is typical of many ac- 
tual pond installations. Wind currents 
and wave action tend to promote some 
mixing of the bacterial and algal 
phases. In warm and sunny weather 
the algae frequently invade the bac- 
terial phase, effecting oxygenation that 
accomplishes sewage treatment more 
quickly. However, due to the long 
over-all detention period of the system, 
such algae become old and fat (3), 
frequently dying and _ contributing 


their cell material to the pond load, 
cancelling out their earlier beneficial 
effect. 
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FIGURE 1.—Schematic representation of an oxidation pond. 
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As indicated by the upper arrow in 
Figure 1, ideal pond treatment would 
involve an overlapping of the bacterial 
and algal phases, forcing a symbiosis 
wherein the algae supply the oxygen 
demand of the bacteria through photo- 
synthetic oxygenation, and bacteria 
supply the algae with needed carbon, 
nitrogen, and other products of sew- 
age decomposition. Recirculation has 
been used as a practical means for 
partial accomplishment of this objec- 
tive. 


Integration of Bacterial and 
Algal Phases 


A complete overlapping or integra- 
tion of bacterial and algal phases is 
seldom encountered in nature. This is 
probably due to competition for nu- 
trients, and in some cases even to 
antibiotic activity (1). 


Closed Continuous Systems 


Figure 2 presents two sets of data 
from 20-day laboratory tests conducted 
with a specially designed culture tube 
ealled a ‘‘symbiocon.’’ More com- 
pletely described elsewhere (2), the 
symbiocon is a closed system simulat- 
ing a ‘‘balanced aquarium’’ for bac- 
teria and algae, in which the atmos- 
phere is eliminated as a factor in gas 
exchange. 
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FIGURE 2.—Algal-bacterial symbiosis in a closed system. 


Figure 2 shows that a symbiosis of 
algae and bacteria can be maintained 
in a closed system, to which nutrient 
sewage is being continuously added at 
a constant rate, and from which an 
equivalent volume of the culture is 
continuously withdrawn. 

Both diagrams show that as algae 
grow, oxygen is produced, and that 
after completion of the log phase of 
algal growth oxygen depletion occurs. 
The higher rate of loading in Figure 
2B produced higher bacterial and algal 
populations, and more ‘‘gain’’ in dis- 
solved oxygen at the peak of oxygen 
production. 

A state of dynamic equilibrium is 
exceedingly difficult to obtain in a 
symbiocon, indicating the complex in- 
terdependence of the variables affect- 
ing overlapping algal-bacterial growth. 
The symbiocon technique has just been 
developed, and further studies are 
underway to determine the best operat- 
ing conditions. It is presently believed 
that an equilibrium that can be main- 
tained indefinitely in the symbiocon 


can obtain only when each of a number 
of major variables is held within close 
but as yet unknown limits. 


Open Continuous Systems 


Equilibrium is readily obtained in 
open continuous systems termed 
‘‘erowth units.’’ These are large cul- 
ture tubes having facilities for light, 
temperature, feed rate, and _ sterility 
control (3). They differ from symbio- 
cons in that instead of being sealed 
from the atmosphere, bubbling air is 
utilized to maintain mixing in the 
tubes. Open units such as these are 
more simply operated than symbiocons. 
Moreover, they attain an equilibrium 
that may be continued indefinitely (4). 
Because of this, growth units are more 
versatile than the symbiocon for study- 
ing such physical variables as light, 
temperature, and retention periods. 


Variables Affecting Symbiosis 


The major variables influencing 
symbiotie growth of bacteria and algae 
are retention period (determined by 
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the rate of feed), sewage strength (in- 
cluding characteristics), light intensity 
and periodicity, temperature, and the 
bacterial and algal species and activity. 
All of these in one way or another in- 
fluence (a) the growth of bacteria; (b) 
populations and general physiology of 
the algae, including their age and 
physical appearance, composition of 
cell material, chlorophyll formation, 
rate of oxygen production, rate of 
respiration, rate of uptake of carbon 
dioxide and nitrogen and inorganic 
ions, and the total density and yield 
of algal cell material; and (¢) the over- 
all sewage treatment accomplished in 
such systems. 


Effects of Varying Retention Periods 


Because bacteria and the algae stud- 
ied multiply by binary fission, similar 
rules govern the populations of each 
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produced in batch cultures as a fune- 
tion of time. As shown in a previous 
paper (2), the population attained in 
a batch culture at a given age corre- 
sponds roughly to the equilibrium 
population in a continuous culture hav- 
ing a retention period equal to that 
age. To obtain precisely the same 
populations, the retention period for 
the continuous culture must be slightly 
greater than the age of the correspond- 
ing batch culture. The population in 
the continuous culture is maintained at 
its equilibrium value, whereas the 
batch culture population falls off as 
multiplication ceases. 


Bacterial Activity 


In Figure 3 the data obtained from 
a batch culture of bacteria, and from 
batch and continuous cultures of algae, 
grown in the test sewage are utilized 
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FIGURE 3.—Maximum population of algae and bacteria cultured in sewage. 
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to estimate the apex population for a 
continuous culture of comparable bac- 
teria. The result indicates the maxi- 
mum bacterial population to be ap- 
proximately 10° occurring at R= 1.5 
days. 

In continuous cultures, the maximum 
yield of algae occurs at a retention 
period about one-sixth of that for 
maximum population (1)(3). Assum- 
ing this relationship applies also to 
bacterial cultures, the maximum bac- 
terial activity (that is, maximum oxy- 
gen uptake) should oecur at R = 0.25 
days. This value agrees with the time 
required to obtain maximum rate of 
oxygen uptake in the Warburg test 
made with sterile domestic sewage at 
25° C., as previously noted (3). It 
also checks closely with the detention 
times of 4 to 8 hr. used in the opera- 
tion of activated sludge plants. 


Algal Activity 


Other factors being constant, the 
most favorable environment for algal 
growth in continuous cultures is ob- 
tained at short retention periods. Un- 
der these conditions algal growth is 
maintained in the logarithmic phase. 
The cells are large, rich in chlorophyll, 
low in carbohydrate and fat, and pro- 
duce algal cell material rapidly. Oxy- 
gen production per cell is high. Even 
though the cell population may be low, 
the total net oxygen production and 
the total algal yield both attain their 
highest values at a retention period ap- 
proaching the minimum regeneration 
time of the specific algal species. Un- 
der such conditions the daily yield of 
algae is an easily measured and quite 
accurate criterion of daily oxygen pro 
duction. 

As the retention period increases be- 
yond this point, the algae enter a nega- 
tive acceleration phase of growth. 


Multiplication is slower and may cease 


entirely for many of the cells. Other 
cells continue to multiply, but their 
daughter cells have diminished size. 
Chlorophyll content per cell is reduced 
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and, therefore, photosynthetic oxygen 
production is retarded. The total re- 
spiratory requirement is increased be- 
eause the mass of cells has increased 
(although the individual cell respira- 
tory requirement may have remained 
low). The net oxygen yield falls off 
rapidly as retention period continues 
to inerease. 

At very long retention periods, be- 
yond the end of the negative accelera 
tion phase, the total cell population 
has not decreased, but the size of the 
individual cells has increased to maxi- 
mum. In the ease of both Euglena and 
Chlorella, further increase in retention 
period causes a final dropoff in popula- 
tion due to autolysis, cell senescence, 
and death. Algae existing in this 
phase have a high respiratory require- 
ment per cell. Although autolysis is 
occurring, the cell population remains 
high and chlorophyll content is very 
low; hence, the total oxygen uptake of 
the algae may exceed the amount of 
oxygen produced in photosynthesis. 

With both Euglena and Chlorella it 
vas found that the cell-free super- 
natant effluent from culture units had 
relatively low 5-day Warburg B.O.D. 
values almost independent of retention 
period. Chemical analyses of these 
effluents showed that they contain large 
amounts of carbon, hydrogen, and 
nitrogen. The C/H ratios or C/N 
ratios of this material give little indi- 
cation as to its nature, but the B.O.D. 
tests indicate that it is highly stable 
and hence probably highly oxidized. 


Effects of Sewage Strength and 
Composition 


In all of the studies it has been con- 
sistently observed that natural sew- 
ages with higher 5-day B.O.D. values 
support greater populations of Euglena 
gracilis, Chlorella pyrenoidosa, Schene- 
desmus obliquus, and Chlamydomonas 
sp. than lower strength sewages. The 
presence of more carbon, nitrogen, and 
other critical elements seems to produce 
this effect, but there are indications 
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that the ratios of these substances may 


also be important. Preliminary to the 
light studies reported hereinafter, re- 
peated attempts to grow E. gracilis on 
a synthetic sewage containing higher 
concentrations of all known critical ele- 
ments than natural sewage, and having 
a higher B.O.D., resulted in only margi- 
nal growths. On the other hand, in 
similar tests, Chlorella growths in this 
synthetic sewage were more abundant 
than in normal sewage. Also, mag- 
nesium may be a critical ion in certain 
cases, because it is an essential part 
of the chlorophyll molecule. 


Study of Varying Light Intensities 


These experiments were made with 
Ek. gracilis, employing the open-type 
continuous growth units. A constant 
and sterile sewage of low B.O.D. was 
used as the substrate,* so that culture 
densities would remain relatively low 
and thus minimize light absorption. 
The tests. were made at a fixed reten- 
tion period of 7 days, which was se- 
lected after preliminary work had 
shown that Euglena populations can- 
not be readily maintained at low light 
intensities at shorter retention periods. 
Temperature in all of the series ranged 
between 24° and 26° C., and _ indi- 
vidual series varied + 0.5° C. from 
the mean. 

Light intensities were estimated on 
the basis of the number of new 30-watt 
daylight fluorescent lights utilized. 
With a single light the interpolated in- 


* This sewage was different from that for 
the retention period studies. After proces- 
sing as described elsewhere (3), it had the 
following characteristics: pH 9.5, total alka- 
linity 175 p.p.m., bicarbonate alkalinity 115 
p-p.m., manometric B.O.D. (5-day, 25° C.) 
90 p.p.m., suspended solids 41 p.p.m. (inelud- 
ing 28 p.p.m. volatile suspended solids), dis- 
solved solids 369 p.p.m. (ineluding 155 p.p.m. 
volatile dissolved solids), total solids 410 
p-p-m., total ash 227 p.p.m., total volatile 
solids 183 p.p.m., organic earbon 56 p.p.m., 
organie hydrogen 16.6 p.p.m., organie nitro- 
gen 17 p.p.m., ammonia nitrogen 14 p.p.m., 
nitrate nitrogen 1 p.p.m., Ca. 9.5 p.p.m., Mg 
6.5 ppm, P 4.1 p.p.m., K 11.8 p.p.m., and 
Na 71.5 p.p.m. 
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tensity within the growth units is 400 
ft.-c. (foot-candles). Interpolation is 
made between the measured intensities 
at the front and rear surface of the 
culture tube with respect to the light 
source. This intensity is measured 
with a photocell, galvanometer, and 
calibrated variable light source. 
tensities of 100 and 200 ft.-c. were ob- 
tained by blacking out proportionate 
strips of the fluorescent light. Dupli- 
cate bulbs were alternated to cancel 
minor differences in intensity among 
different bulbs. 

Euglena cultures were started on 
sterile sewage in Erlenmeyer flasks, 
and after 10 days were transferred to 
the growth units and inoculated with 
sewage bacteria as previously described 
(2). Sterile sewage was then added 
to the culture at a rate corresponding 
to the selected retention period until 
full culture volume was attained. Air 
was bubbled through the cultures con- 
tinuously at the rate of 500 ml. per 
minute. After full volume was reached, 
one-seventh of the culture was _ re- 
moved daily and replaced by sterile 
sewage. Evaporation losses were made 
up with sterile distilled water before 
withdrawal. 

Daily tests for cell population, cell 
volume, pH, and alkalinity were per- 
formed on effluents until changes were 
negligible, indicating a state of equilib- 
rium. The entire culture was then 
sacrificed in order to have sufficient ex- 
perimental material for complete test- 
ing. 

In addition to the tests made with the 
natural sewage, certain comparable 
tests were made with a stronger syn- 
thetic sewage * at a retention period of 

*This synthetic sewage was prepared as 
described by Weinberger (6). After sterili- 
zation at 115° C. for 20 min. in sealed con- 
tainers, it has these characteristics: pH 9.5, 
total alkalinity 160 p.p.m., bicarbonate alka- 
linity 117 p.p.m., manometric B.O.D. (5-day, 
25° C.) 165 p.p.m., suspended solids 175 
p-p-m. (including 147 p.p.m. volatile sus- 
pended solids), dissolved solids 377 p.p.m. 
(ineluding 130 p.p.m. volatile dissolved solids), 
total solids 552 p.p.m., total ash 107 p.p.m., 
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FIGURE 4.—Effect of light intensity on 
algal population. 


5) days. The resulting environment fur- 
nished the algae with more abundant 
nutrients, but subjected them to a 
shorter period of lighting. 


Populations and Yields 


Effect of light intensity on popula- 
tion of EF. gracilis is shown in Figure 
4. From 100 to 400 ft.-c., the popula- 
tion in the natural sewage (upper 
curve) increases to a maximum at or 
near 400 ft.-c. From 1,200 to 2,400 
ft.-c. the population falls off slightly. 
The lower curve shows similar data 
obtained with the relatively strong syn- 
thetic sewage. The lower curve indi- 
cates that the Euglena did not develop 
as well as with the greater amounts of 
the stronger nutrient, except at a high 
light intensity. The yields of algae 
total volatile solids 445 p.p.m., organie ear 
bon 112 p.p.m., organie hydrogen 20 p.p.m., 
organic nitrogen 28 p.p.m., ammonia nitrogen 
14 p.p.m., nitrate nitrogen 0 p.p.m., Ca 18.6 
p.p.m., Mg 8.5 p.p.m., P 5.5 p.p.m., K 3.7 
p.p.m., and Na 66 p.p.m. 
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produced each day are shown in Figure 
5. Both curves follow the trends of 
the comparable population curves in 
Figure 4. 

There was no systematic variation in 
the morphology of Euglena with vary- 
ing light intensities. From 90 to 95 
per cent of the cells remained motile, 
as was the case in earlier studies (3). 
Great variations in the size of cells, 
perhaps resulting in variation in yield, 
are noted at all light intensities; how- 
ever, cells produced at low light in- 
tensities tend to be larger than those 
from highly illuminated cultures. 

Bacterial populations attained a 
maximum at 10° ¢.p.ml. (colonies per 
ml.) at 100 ft.-c. The minimum, 10" 
e.p.ml., occurred at 2,400 ft.-c. Inter- 
mediate populations were obtained at 
intermediate light intensities, but with- 
out consistent variation. 


Chlorophyll Production 


Figure 6 shows the variation of 
chlorophyll content per million algal 
cells as a function of light intensity. 
Chlorophyll per cell is low in the range 
where highest yield is obtained, 400 
to 1,200 ft.-c. The decrease in chloro- 
phyll is very rapid in the range from 
100 to 400 ft.-c., indicating that there 
is no direct relationship between chloro- 
phyll content and yield under varying 
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FIGURE 5.—Effect of light intensity on 
algal yield. 
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light intensity. Photo-bleaching may 30 
explain the slower rate of chlorophyll 
decrease beyond 400 ft.-c. The meas- 
ured chlorophyll values for cultures in 
the natural sewage indicate a slight in- 
crease in the range from 1,200 to 2.400 
ft.-c., but these measurements may be 
in error since the macroscopic observa- 
tions showed increased yellowing 
through this range. 

A study of the components of the 
chlorophyll (that is, chlorophyll A and 
chlorophyll B) showed from 90 to 95 
per cent chlorophyll A at all light in- x % 
tensities when the natural sewage was 
employed. With synthetic sewage, at 0 00 800 1200 1600 2000 2400 
R= 5, however, chlorophyll A aver- LIGHT INTENSITY 1% FOOT-CANDLES 
aged only 60 per cent. Strain (7) sug- FIGURE 6.—Effect of light on chlorophyll 
gests that the ratio of chlorophyll A to production. 

B is indicative of the character of the 
nutritional environment, pointing out conditions are more favorable to chloro- 
that higher ratios of B to A result when _ phyll formation. 
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FIGURE 7.—Variations in pH and alkalinity with varying light intensities. 
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FIGURE 8.—Materials balances for algae cultured in sewage. 


Character of Whole Effluents 


Carbon—Figure 7 shows the results 
of pH and alkalinity data as a function 
of light intensity. From these curves 
it can be seen that EZ. gracilis con- 
sistently reduces pH, checking results 
previously reported (3). Probably the 
algae exchange H* ions for NH,°* ions. 
As shown by Figure 8A, which illus- 
trates the carbon balance at equili- 
brium conditions, at all light intensities 
greater than 100 ft.-c. the total efflu- 
ent carbon exceeds the total carbon 
contained in the influent sewage. The 
difference must be attributed to carbon 
supplied from the bubbling air, in ac- 
cordance with the reaction 


HCO; — CO; + OH-. 


This reaction does not change the alka- 
linity of the system, but does increase 
the pH. Evidently, however, the pro- 
duction of acid already noted is suffi- 
cient to neutralize any OH formed and 
also to reduce the alkalinity initially 
present. In the process the HCO, 


concentration is increased at the ex- 
pense of CO,=. The net changes in pH, 
HCO, and CO, in any system depend 
upon the relationship between acid pro- 
duction and CO, absorption. 

A large portion of the carbon utilized 
by the algae is not incorporated into 
the cells. As shown by Figure 8A, 
much of this carbon appears in the 
effluent supernatant, perhaps as a 
highly oxidized excretory product of 
the Euglena. 

Nitrogen—Figure 8B shows there is 
very little loss of total nitrogen in 
the system in spite of the high influent 
pH. The small residual ammonia in 
the effluent indicates that the principal 
source of nitrogen for Euglena is 
NH,*. The large amount of effluent 
organic nitrogen in the supernatant 
may again be an indication of some 
excretory product by Euglena. 

Hydrogen, Phosphorus, and Other 
Ions—The synthesis of an excretory 
product by Euglena is further indi- 
cated by the relatively large amount of 
organic hydrogen in the supernatant 
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(Figure 8C). Total effluent organic 
hydrogen exceeds total influent organic 
hydrogen, presumably because of 
photochemical decomposition of water. 
The phosphorus balance shown in Fig- 
ure 8D indicates that this element may 
have been a limiting nutritional fac- 
tor at the higher light intensities. 
Similar balances (not shown) for mag- 
nesium, potassium, and calcium show 
that these elements were not limiting 
to growth. More calcium was taken 
up by the Euglena cells at low light 
intensities than at high light intensities. 


Oxygen Production 


A basic problem in studying photo- 
synthetic oxygenation is the determi- 
nation of the oxygen produced. In 
earlier studies the oxygen-producing 
capacities of the algae were directly 
measured by transferring them to the 
Warburg apparatus. However, the en- 
vironment in the Warburg flask, in- 
cluding light intensity, is different than 
in the growth units. For this reason, 
in the present studies the oxygen pro- 
duction has been calculated utilizing 
the method introduced by Myers (8). 
This method employs the analyses of 
the algal cells to determine the ‘‘as- 
similatory quotient.’’ As an example, 
an analysis of Euglena may show 59.3 
per cent C, 5.24 per cent H, 26.3 per 
cent ©, and 9.1 per cent N on an ash- 
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free dry-weight basis. Division by the 
atomic weights of these elements con- 
verts these percentages to the formula 


C7 


All evidence indicating that ammonia 
is the source of nitrogen, it may be as- 
sumed that the synthesis of this ma- 
terial follows the equation 

1.0 NH, + 7.62 CO, + 2.53 H,O — 
7.62 Oz + 1.0 H+. 


The assimilatory quotient A, then is 


7.62 
— 


CO2/O2 = 


These values have been determined for 
all light intensities investigated, and 
the results (Figure 9) show that oxy- 
gen yield per cell increases with in- 
tensity up to about 1,200 ft-c. A 
numerically low assimilatory quotient 
corresponds to a high oxygen yield. 

If the total daily carbon yield is 
known, the assimilatory quotient can 
then be used to calculate total oxygen 
yield by the formula 


where O, and C are respective mole- 
cular weights, A, is the assimilatory 
quotient and Y¢ and Yoo are the yields 
of carbon and oxygen, respectively. 
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BACTERIAL RESPIRATION 


GROSS OXYGEN 


OXYGEN IN MG PER DAY PER LITER OF CULTURE 
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LIGHT INTENSITY IN FOOT-CANDLES 


FIGURE 10.—Effect of light intensity on oxygen production. 


These calculated gross oxygen yields 
are plotted in Figure 10. Maximum 
gross yield occurs in the range from 
400 to 1,200 ft.-e. 

The oxygen consumed by the algae 
cells in the absence of light was meas- 
ured with the Warburg respirometer. 
The bacterial respiration demand at 
equilibrium was assumed to be approxi- 
mately B.O.D./R, where B.O.D. is the 
5-day, 25° C., Warburg B.O.D. of the 
influent sewage and R is the retention 
period in days. By plotting these data 
with ordinates superimposed, the net 
oxygen yield is obtained (Figure 10). 

The relatively high respiratory re- 
quirement of Euglena at 100 ft.-c. is 
indicative that little, if any, oxygen 
was produced at this low light inten- 
sity. Euglena are capable of growing 
saprophytically in the dark, a_phe- 
nomenon commonly reported in the 
literature. 

A comparison of the oxygen curve 
in Figure 10 and the cell yield curve 
in Figure 5 shows that maximum yield 
and maximum oxygen production co- 
incide, at approximately 700 ft.-c. 

As in the earlier studies (1) (3), the 
cell-free supernatants from continuous 
cultures grown under varying light in- 
tensities show consistently low values 
of B.O.D. These values ranged from 
25 p.p.m. at 100 ft.-c. to approximately 
10 p.p.m. at 2,400 ft.-c. Chemical 


analyses of the supernatant material 
(see Figure 8) show appreciable 
amounts of carbon, hydrogen, and ni- 
trogen. 


Composition of Algal Cell Material 


As light intensity increases from 100 
to 400 ft.-c., retention period being 
constant, large variations are found in 
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FIGURE 11.—Effect of light intensity on 
composition of algae. 
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the chemical composition of E. gracilis 
(Figure 11). Higher nitrogen con- 
tent at lower light intensity might be 
attributed to the increased amount of 
chlorophyll contained in the individual 
cells. However, less total chlorophyll 
is formed at 100 ft.-c. than at intensi- 
ties exceeding 100 ft.-c., because of the 
fewer cells present. More carbohy- 
drate per cell is synthesized at higher 
light intensities, the maximum of ¢ar- 
bon being contained in cells illumi- 
nated from 200 to 400 ft.-c. Ash con- 
tent of the cells is at maximum, and 
hydrogen content at a minimum at 
100 ft.-e. 

Figure 11 shows that carbohydrate 
and fat tend to increase with increased 
light intensity, and that protein and 
ash tend to decrease. Euglena grown 
near optimum light intensities and at 
short retention periods may contain up 
to 50 per cent crude protein. 


Effect of Temperature 


In preliminary temperature studies 
to be reported later, the data indicate 
that algal population, chlorophyll con- 
tent, assimilatory quotient, age of cells, 
and uptake of inorganie ions are com- 
paratively independent of temperature 
near optimum temperature. However, 
the growth of bacteria, yield of algal 
cell material and oxygen, over-all sew- 
age treatment accomplished, and up- 
take of organic ions may be appreci- 
ably influenced by slight changes of 
temperature. Jahn (11) has shown 
that the optimum temperature for E. 
gracilis when grown in acetate media 
in the dark is near 23° C. 


Summary and Conclusions 


In the laboratory, green algae have 
been employed to effect secondary sew- 
age treatment through photosynthetic 
oxygenation. The physical and chemi- 
eal environments act to determine the 
yield of algal cells and of oxygen. Un- 
der optimum conditions the algae cells 
remain young; that is, they are main- 
tained in the logarithmic phase of re- 
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production. Such cells have relatively 
high concentrations of chlorophyll and 
of protein, and low concentrations of 
carbohydrates and fats. Both algae 
yield and oxygen production are high, 
and the oxygen production exceeds the 
demands of all living organisms in the 
system. 

Previous studies showed that, assum- 
ing favorable physical conditions, the 
availability of carbon is generally the 
limiting factor determining the yield 
of algae. As the loading rate decreases, 
and carbon becomes more limiting, cells 
are unable to multiply or multiply at 
a greatly decreased rate. Many of the 
cells become ‘‘old’’; that is, they store 
up carbohydrates and fat from the 
limited amounts of carbon available. 
They contain lower percentages of 
chlorophyll, the yield of algae is re- 
duced, and the oxygen produced may 
be less than the total demands. 

The present studies show that opti- 
mum light intensity for the algal spe- 
cies E. gracilis depends upon such 
variables as strength of sewage and the 
retention period. For a natural sew- 
age having a B.O.D. of 90 p.p.m. (War- 
burg, 5-day, 25° C.), the optimum light 
intensity is from 400 to 1,200 ft.-c. 
When light intensity increases beyond 
optimum, the cells undergo a transi- 
tion from ‘‘young’’ to ‘‘old,’’ which is 
somewhat comparable to that produced 
by a decreasing loading rate—that is. 
by a shortage in nutrients resulting 


from long retention periods. In both 
environments (constant light with 


varying retention period, or constant 
retention period with varying light in- 
tensity), the algal cells are subjected 
to comparable total light exposures; 
that is, the total exposure may be the 
principal factor determining the aver- 
age cell ‘‘age,’’ hence the yields of 
both algae and oxygen. For example, 
a low loading rate (long retention pe- 
riod) at a low lighting intensity can 
effect the same total exposure as a 
high lighting intensity at short reten- 
tion periods. In natural bodies of wa- 
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ter, algae suffering from a shortage of 
nutrients take longer to reproduce. In 
becoming ‘‘older’’? they suffer pro- 
longed exposure. High-intensity ex- 
posure could produce similar results, 
even when nutrients are abundant. 

Light is both essential and inimical 
to photosynthetic oxygenation because 
of its effects on chlorophyll. It is es- 
sential to formation of chlorophyll, 
which in turn, under the influence of 
light, decomposes water, producing the 
hydrogen necessary to photosynthesis 
and, as an incidental result, the desired 
oxygen. However, the light intensity, 
the longer the period of exposure, and 
the greater the amount of chlorophyll 
present, the greater will be the rate at 
which the chlorophyll is broken down. 

As light intensity becomes excessive, 
the rate of breakdown of chlorophyll 
approaches the rate of chlorophyll syn- 
thesis, resulting not only in bleaching 
and yellowing, but in reduced hydro- 
gen supply and hence reduced photo- 
synthesis. Reduced photosynthesis re- 
sults, in turn,’in a slower rate of 
multiplication and hence in ‘‘aging’’ 
of the cells. These results all tend to 
indicate that a period of intensive light 
followed by a dark period is beneficial 
if not vital to increasing the over-all 
rate of photosynthesis. 

Variations in temperature appear to 
be principally important in their in- 
fluence on rate of cell growth subse- 
quent to initial photosynthesis, and 
hence upon total cell yield. 

In summary, rates of cell multipli- 
cation, cell yield (including oxygen 
yield), chlorophyll synthesis, chloro- 
phyll breakdown, and photochemical 
decomposition of water by chlorophyll 
may be considered as interdependent 
variables. Their particular interaction 
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depends upon the physical and chemi- 
cal environmental factors, especially 
availability of nutrients, light inten- 
sity, and temperature. 

In actual oxidation ponds, all of 
these factors vary between wide limits 
every day. Moreover, at any given 
moment they are different at different 
places along the pond traverse. Be- 
cause the algae are ‘‘ecologically versa- 
tile,’’ they are able to adapt themselves 
to these changing conditions. How- 
ever, if it proves feasible to control the 
environment of oxidation ponds to 
minimize unfavorable conditions, the 
efficiency of such ponds should be 
greatly improved. 

Studies are under way, both in the 
laboratory and in a pilot-scale outdoor 
pond, to study the effects of light pe- 
riodicity and of varying temperature. 
These will supplement the present work 
on light intensity and the earlier work, 
which investigated the nutritional 
factors. 
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INDUSTRIAL ALCOHOL FROM SPENT SULFITE LIQUOR 


The manufacture of alcohol from 
wood pulp and paper waste materials 
was described at the recent joint con- 
ference of the American Institute of 
Chemical Engineers and the Chemical 
Engineering Division of the Chemical 
Institute of Canada, held in Toronto, 
Canada. 

In the paper ‘‘Improvements in the 
Manufacture of Industrial Alcohol 
from Sulfite Waste Liquor during the 
Last Ten Years,’’ H. G. Joseph, who 
has been in charge of the Thorold al- 
cohol plant of the Ontario Paper Co. 
since it started, describes the steps by 
which ethyl aleohol is made. 

About 10 years ago, there was a 
pressing need for alcohol to fulfil the 
demands of the synthetic rubber and 
munitions industries in Canada and the 
United States. Due to shipping short- 
age, the supply of molasses from the 
West Indies and Cuba had been eut off, 
thereby depriving the industrial al- 
cohol manufacturers of their principal 
raw material. About that time the 
Ontario Paper Co. constructed a plant 
at Thorold, Ont., to make industrial 


alcohol out of the spent sulfite liquor 
from the mill at that location. 

This was the first plant of its kind 
in Canada, although the process had 
been operated in Europe for about 40 
years. The plant started operations in 
May, 1943, and was soon making a sub- 
stantial contribution to the wartime 
aleohol requirement. Following the 
cancellation of war-time contracts, a 
higher quality alcohol was required in 
order to compete successfully in indus- 
trial markets. The means by which 
this was accomplished are described at 
some length in the paper. 

Only a very small fraction of the 
sugars now being poured into the rivers 
of the United States and Canada is 
being economically employed. It is 
estimated that Canadian mills throw 
away each year about 250,000 tons of 
sugar, from which about 28,000,000 gal. 
(Imp.) of ethyl aleohol could be pro- 
duced. This quantity is far in excess 
of present requirements, but it illus- 
trates the potential raw material sup- 
ply available. 
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Industrial Wastes 


1952 INDUSTRIAL WASTES FORUM * 


R. W. Hess, Leader 


Head of Pollution Research, Chemical Aniline Division, Allied Chemical and Dye Corp., 
Buffalo, N. Y. 


Chairman Hess:—The program com- 
mittee has selected for discussion at 
this forum what are regarded as timely 
topics on which considerable progress 
is being made and on which much more 
knowledge is needed in the interest of 
accelerating the abatement and preven- 
tion of water pollution by industrial 
wastes. These subjects are: flotation, 
skimming, subsurface disposal, lagoon- 
ing with sodium nitrate, anaerobic di- 
gestion, and high-rate filters. 


Flotation 


As applied to waste liquors, flotation 
is a method for converting suspended 
substances, and some colloidal, emulsi- 
fied, and dissolved substances, to float- 
ing matter. Aeration seems to be the 
basic element. However, since me- 
chanical aids are required for remov- 
ing floating matter and since chemical 
aids are sometimes helpful in convert- 
ing colloidal, emulsified, and dissolved 
substances to suspended matter, this 
method sometimes involves other meth- 
ods of treatment of chemical and me- 
chanical types. These other methods 
include skimming, which is the basic 
element of the next topic, as applied 
especially to separation of oil from 
waste liquors. 

Flotation for separation of valuable 
minerals, particularly copper sulfide, 
from pulverized ores is a long-estab- 
lished practice. The problem in that 
practice, however, is considerably dif- 

*From transcript, 25th Annual Meeting, 
Federation of Sewage and Industrial Wastes 
Assns.; New York, N. Y.; October 6-9, 1952. 


ferent from that for wastes, in that it 
involves separation of one component 
from a much larger proportion of an- 
other. The basie principle in mineral 
flotation is that the heavier metal is 
floated by coating with a chemical 
which, by prevention of wetting, causes 
accumulation at the surface, where it 
is removed in the froth. Frothing is 
induced by aeration and use of a froth- 
ing agent, such as pine oil. 

Application of flotation to wastes is 
relatively new. The principles and 
practices in this field appear to be 
somewhat different. 

F. S. Gibbs, President, F. S. Gibbs, 
Inc., Newton Lower Falls, Mass.:—The 
term ‘‘flotation’’ includes both vio- 
lently agitated froth flotation, as used 
in the separation of ores in the mining 
industry, and quiescent flotation, which 
is now earning its way in industrial 
waste treatment as an exceptionally 
efficient method for the removal of 
most suspensions from waste waters. 

The clarification and purification of 
industrial wastes usually involves the 
removal of suspensions in the waste 
waters or the precipitation and subse- 
quent removal of dissolved solids. De- 
spite the fact that many of the present 
or created suspensions in these wastes 
will not or cannot efficiently be made 
to settle, settling types of clarification 
equipment are stubbornly installed. In 
many, and possibly all of these cases, 
quiescent flotation equipment would do 
a superior job in clarifying and purify- 
ing the waste water. 

No claim is made that quiescent 
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flotation is a panacea for all industrial 
wastes ills. Many industrial wastes can 
only be treated by biological processes. 
There are some cases wherein the con- 
ventional types of settling equipment 
will do a job that cannot be done effi- 
ciently and economically by flotation. 
There are other industrial wastes that 
can best be clarified and purified by a 
combination of settling and flotation; 
settling first to remove the heavier sus- 
pensions and following with flotation 
for the removal of the remaining 
lighter suspensions. 

There are, of course, many other 
industrial wastes that can best be clari- 
fied and purified with flotation alone. 
A specific waste should be studied to 
determine the method or methods best 
suited for accomplishing the desired 
results. Quiescent flotation should 


never be discounted as a_ valuable 
wastes treatment tool, and its abilities 
should be analyzed carefully before 
final decisions are made. 

Flotation has been slow to earn ac- 


ceptance in industrial wastes treatment. 
In addition to the natural tendency of 
engineers to resist progress, there has 
been the tendency of manufacturers of 
settling clarification equipment to dis- 
parage flotation equipment in their ad- 
vertising in the hope of influencing 
engineers and industrial officials in fa- 
vor of settling equipment designs, re- 
gardless of the type of solids to be 
removed. Many consulting and indus- 
trial engineers have been so thoroughly 
convinced that they will employ special 
chemical applications, literally hang- 
ing ‘‘sash weights’’ on liquid suspen- 
sions, so that settling equipment can 
be made to work. 

Fortunately, some industries have 
recognized their wastes treatment prob- 
lems for what they really are; problems 
for which suspensions settling equip- 
ment cannot and does not live up to 
its advertising claims; problems that 
definitely need a new approach and de- 
sign for their solution. These indus- 
tries have turned to quiescent flotation 
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and have been rewarded with the 
achievement of efficient, dependable, 
and economical clarification and puri- 
fication of the wastes with relatively 
low requirements for capital expendi- 
ture. These alert industries can take 
the credit for today’s development of 
quiescent flotation and its excellent ap- 
plication to many, many problems of 
clarification and purification. 

A detailed discussion of the me- 
chanics of quiescent flotation is beyond 
the scope of this Forum. Actually, 
quiescent flotation involves a simple 
and rather obvious handling of liquid 
suspensions. Suspensions that settle 
slowly or that remain suspended can 
be agglomerated and buoyed to the 
liquid surface quickly and thoroughly 
by the lifting power of tiny air bubbles 
attaching themselves to the suspension 
particles. 

It is characteristic of quiescent flota- 
tion that floated suspensions are read- 
ily removed continuously from the 
liquid surface, and the skimmings are 
collected as a concentrated sludge. 

Another valuable characteristic of 
the floated sludge is its free-draining 
property. The sludge contains the 
tiny air bubbles that rafted the sus- 
pension particles to the surface. These 
air bubbles serve to aid in further 
water removal or concentration of 
sludge. In many cases the sludge from 
a quiescent flotation unit is held in a 
receiving tank for 1 or 2 hr. and then 
clear water is drained from the tank 
bottom, often increasing the solids con- 
tent of the sludge remaining by 100 to 
200 per cent. The commercial value 
in producing a sludge which will con- 
centrate by itself is of considerable im- 
portance. 

Quiescent flotation has another char- 
acteristic that is of great value in 
wastes treatment. The tens of billions 
of tiny air bubbles that are constantly 
moving upward in the liquid provide 
an unusually intimate contact for oxy- 
gen with the liquid and the suspen- 
sions. <As a result, the immediate 
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chemical oxygen requirement of the 
waste is no longer immediate, but is 
usually satisfied. The effluent water 
from quiescent flotation usually con- 
tains quantities of dissolved oxygen, 
often to the point of saturation. The 
sludge from the flotation unit is stabil- 
ized and the quiescent flotation unit is 
free from objectionable odors in its 
operation. Air-induced quiescent flo- 
tation is probably the first treatment 
process to make efficient use of atmos- 
pheric oxygen. 

Another important feature of flota- 
tion clarification is the rapidity with 
which suspensions can be floated by the 
use of the tiny air bubbles. A con- 
ventional ‘‘high-rate’’ settling unit of 
the sludge blanket type might require 
a minimum retention of 2 hr. for a 
particular waste. The same waste, and 


probably with the same or less expen- 
sive coagulating chemical application, 
would be clarified equally well and 
probably a great deal better by qui- 
escent flotation in a total retention pe- 
riod of about 20 min. 

The saving in capital cost of equip- 


ment is obvious. The flotation equip- 
ment structure required would be less 
than one-sixth of that required by 
‘high-rate’ settling equipment, and 
proportionally less floor or ground area 
is needed for the installation. Most 
industries today are cramped for space 
and the compactness of flotation wastes 
treatment equipment makes it most at- 
tractive. 

The ratio of high-flow capacity to 
unit size, a ratio that is enjoyed only 
by flotation equipment, enables the 
treatment plant designer to create an 
unusually flexible plant layout at 
minimum cost. The flotation equip- 
ment avoids the bulk of the field con- 
struction and all field fabrication costs. 
A 300-sq. ft. flotation unit, with a ca- 
pacity of as high as 1,200 g.p.m. on 
most applications, can be entirely shop 
fabricated and shipped as a complete 
unit. The unit requires only one 
simple rectangular foundation at 
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ground or floor level, eliminating 
costly excavation. If a particular in- 
dustrial waste flow is in excess of the 
capacity of a single 300-sq. ft. unit, 
one or more complete additional units, 
as required to handle the maximum 
flow rate, are added in parallel, pro- 
viding unusual flexibility in plant op- 
eration. 

Most commercial installations of flo- 
tation equipment do not require sepa- 
rate coagulation retention. A coagu- 
lation reaction and agglomeration, re- 
quiring 30- or 40-min. retention prior 
to settling clarification, can often be 
accomplished in the flotation unit in 
one-tenth of the time. 

Quiescent flotation clarification is 
now providing many different indus- 
tries with efficient and economical 
wastes treatment. The applications 
cover a broad range of wastes types, 
from simple oil or grease removal to 
the clarification of wash water from 
foundry sand reclaiming systems. The 
programs for eliminating stream pol- 
lution and the efforts of industries to 
recover lost values from their wastes 
are both being served well by flota- 
tion equipment and methods. 

Robert A. Baum, Executive Vice- 
President, Bulkley, Dunton Processes, 
Inc., New York, N. Y.:—Flotation of 


‘ suspended solids by means of mechani- 


cally entrained air or gases has been 
commonly employed for many years in 
the selective flotation of minerals. 
Adaptations of such systems previously 
had limited application to a variety 
of industrial wastes and other solids. 
In these cases the flotation principle in- 
volves diffusion of small air bubbles 
in the liquid containing the solids, fol- 
lowed by the attachment of the air 
bubble to or around the particle to be 
floated. This process may be aided by 
floeculents or surface-active agents, re- 
spectively. 

Opposed to entrained air or gas flota- 
tion, a system whereby the air is truly 
dissolved in the liquid carrying the 
suspended solids has been widely used 
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TABLE I.—Typical Efficiencies of Dissolved Gas Flotation Treatment of Wastes 


Waste Type ca 


Sus. Sol. in 


Reduction B.O.D. in 
Obtained Influent 
%) (p.p.m.) 


Reduction 


Petroleum production 441 
Railroad maintenance 

Meat packing 

Paper manufacture 
Vegetable oil processing 
Fruit and vegetable canning 
Soap manufacture 

Cesspool pumpings 

Primary sewage treatment 
Glue manufacture 


95.0 
95.0 
85.6 
97.5 
94.8 
80.0 
91.5 
96.2 
69.0 
94.3 


by the paper industry during recent 
years to attain highly efficient removal 
of fibrous and filler materials, such as 
clays, from white water. The latter 
system within the last 10 years has 
given indications of being highly effec- 
tive in flotation of the wide miscellany 
of suspended solids and oils and greases 
found in industrial and municipal 
waste. As such, flotation is rapidly be- 
coming a proven and successful new 
method of solids separation now avail- 
able to the industrial and sanitary 
engineer, capable of being evaluated in 
comparison with previously available 
means, such as sedimentation, filtra- 
tion, centrifuging, and allied methods. 

In dissolved gas flotation, injected 
air is placed in true solution in the 
liquid flow by increasing the entire 
liquid pressure in a continuous-flow 
retention tank to a pressure that gives 
the desired amount of air or gas in 
true solution. The flow is then re- 
leased to atmospheric pressure in an 
open flotation cell and the gases com- 
ing out of solution are immediately 
adjacent to or upon or within the 
solid to be floated. In this manner the 
dissolved gas principle eliminates the 
mathematical probability or the high 
chemical usage approach to an iso- 
electric point needed in entrained air 
methods to assure a bubble per particle. 

In general, dissolved gas flotation 
may be applied to efficient solids-liquid 
separation of not only those materials 


of a specific gravity close to 1.0, but 
also of materials of substantially high 
specific gravity as long as such ma- 
terials are in a small-particle state. 
Inasmuch as materials in a large-par- 
ticle state may be settled or screened 
for prior removal, there are few limita- 
tions on the materials that may be 
floated economically. 

After flotation the blanket of solids 
is conventionally skimmed off and elari- 
fied liquid is removed from the bottom 
of the flotation cell. 

Dissolved gas flotation offers the ad- 
vantages of positive control of process, 
low space requirements, avoiding bac- 
terial decomposition of valuable by- 
products, and substantially more con- 
centrated sludge due to elimination of 
the liquid head over the sludge blanket, 
as is found in a converse or sedimenta- 
tion system. Table I gives some typical 
results obtained in various industries 
utilizing dissolved gas flotation for 
wastes treatment. 

Generally, industry seems to prefer 
the use of flocculents or flotation aids 
as long as they are economical. In a 
municipal application that may not 
necessarily be true. Therefore, some 
of the industrial uses mentioned not 
only utilize the efficiency of dissolved 
gas, as has been pointed out earlier, 
but also utilize flocculating chemicals. 

For example, in petroleum produce- 
tion, where waste oils are suspended 
either in brine or in water, a typical 
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installation with 441 p.p.m. suspended 
solids can obtain 95 per cent solids 
reduction within an 18- to 20-min. 
flotation time with the use of such con- 
ventional chemicals, for example, as 
ammonium sulfate and activated sili- 
con. In such eases emulsions are 
broken and high efficiency is attained 
in floating materials that in a conven- 
tional sedimentation system would stay 
suspended in the middle and neither 
sink nor float and, as a result, repre- 
sent a loss of efficiency. 

Meat packing is one of the applica- 
tions that should be qualified. If the 
problem is strictly one of remedying 
pollution, auxiliary chemicals can be 
used to help reduce the B.O.D. and at- 
tain a very high efficiency. If recovery 
of the oils and greases is necessary, 
then the degree to which chemicals can 
be used is dependent upon how well a 
valuable by-product can be recovered. 
Taking a pollution situation in meat- 
packing wastes, a waste containing 
1,400 p.p.m. suspended solids can be 
reduced by 85 per cent, provided a 
re-use of the flocculated material is 
not desired. If it is desired, it is con- 
eeivable that 70 per cent recovery can 
be attained. 

In cesspool collection, which of 
course is a great deal different from 
primary sewage treatment, some re- 
cent figures on wastes having 6,448 
p.p.m. suspended solids show 96 per 
cent suspended solids reduction. In 
this case, of course, the use of chemi- 
cals is justified economically. 

In primary sewage treatment, recent 
tests show 252 p.p.m. suspended solids 
reduced by 69 per cent without the use 
of chemicals. That is attained with air 
or dissolved gas only. Just as a matter 
of interest, there is such a plant oper- 
ating on a pilot-plant basis at Fall 
River, Mass. 

Another application is glue manu- 
facturing, which points out something 
that Mr. Gibbs mentioned earlier and 
that is very important in flotation sys- 
tems; that is, if the B.O.D. is pri- 
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marily in the suspended solids or col- 
loidal dispersed solids phase, it is pos- 
sible to get remarkable B.O.D. reduc- 
tions with flotation. Glue manufacture 
fits that very situation closely, as do 
tanning and other industries where the 
materials are really colloidal and not in 
solution. In such a ease, with, say, 
542 p.p.m. suspended solids in the in- 
fluent, it is possible to get 94 per cent 
solids reduction and 91 per cent B.O.D. 
reduction. 

Of primary interest to sewage and 
industrial wastes users’ evaluation of 
this new process would be cases of 
suspended solids separation to either 
replace or augment conventional sedi- 
mentation, and cases presenting a col- 
loidal particle separation problem that 
does not economically merit rough fil- 
tration or fine filtration. Flotation 
does an excellent job in those positions. 

Another usage for flotation is as a 
primary treatment in a fine filtration 
system. In the manufacture of anti- 
biotics, where filtration is necessary, 
use of dissolved gas flotation ahead of 
filtration will economically relieve the 
filters by removing the heavy load 
cheaply. Subsequent filtration for sec- 
ondary treatment is very economical. 

Another use for dissolved gas flota- 
tion is in oil and grease separation 
where there is a high degree of emulsi- 
fied dispersed fractions; also, of course, 
in primary sewage treatment. 

The system bears investigation on 
activated sludge, where it is possible 
to attain a high degree of solids re- 
moval and saturation of the influent 
liquor with oxygen. 

Question from the Floor:—What 
B.O.D. reduction can be expected from 
flotation in primary sewage treatment? 

Dr. Baum:—A typical value would 
be that obtained at the Fall River, 
Mass., plant—namely, close to 40 per 
cent. 

William A. Ryan, Consultant, New 
York State Canners Assn., Rochester, 
N. Y.:—This method has been used in 
a large canning plant in the west for 
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at least six months, but has not been 
very successful. With the large 
amount of suspended solids involved it 
failed miserably. 

Dr. Baum:—Mr. Gibbs mentioned 
earlier that flotation is not a miracle 
machine, but is more efficient on some 
industrial wastes than on others. The 
measure of the efficiency of flotation 
in a canning wastes problem, for ex- 
ample, would be its efficiency when 
compared with a sedimentation sys- 
tem, assuming that sereening does not 
get out the particular particles that 
you are after, a condition that prevails 
in typical canning operations. 

Economie screening leaves a large 
number of suspended solids remain- 
ing. Fine or sharp filtration is ob- 
viously uneconomical. The choice is 
between sedimentation and flotation. 
So, answering the question, it is my 
opinion that in that case flotation is 
more efficient than sedimentation would 
be in an equivalent condition. That 
does not mean that that solves the en- 
tire problem. Of course, if biological 
treatment is needed that has to follow. 

Question from the Floor :—Are there 
any figures available on grease separa- 
tion from the domestic sewage opera- 
tion? 

Dr. Baum :—Testing is still going on 
at this particular location. However, 
oil and grease separation have been in 
excess of 50 per cent, and usually 
nearer 60 per cent. 


Skimming 


Chairman Hess:—After suspended 
matter has been brought to the sur- 
face of waste liquors by flotation or 
other means, the next step is separa- 
tion from the liquor. Although the 
procedure selected for discussion is 
skimming, as applied especially to the 
petroleum industry, the practice in- 
volves much more than is indicated by 
the topic. In fact, it would seem 
that collection of the material on the 
surface is the primary problem, for the 
solution of which attention is being 
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given to methods in addition to flota- 
tion. 

Another procedure frequently as- 
sociated with skimming is separation 
and disposal of bottom sludge. This 
also has its problems. 

R. J. Austin, Research Dept., Stand- 
ard Oil Company (Indiana), Whiting, 
Ind.:—The problem of separating oil 
from water is an old one in the pe- 
troleum industry and was one of the 
first to be considered by the American 
Petroleum Institute’s Committee on 
Disposal of Refinery Wastes when it 
was organized in 1928. Although the 
basic elements of the problem were the 
same then as now, more efficient sepa- 
ration has become necessary and the 
difficulties attending its attainment 


have become greater. An ever-expand- 
ing industry and population, making 
heavy demands upon water resources, 
and the increased complexities of re- 
fining processes have accentuated the 
necessity for continued attention by the 
refining industry to the problem of oil- 


water separation. The problem is also 
of growing concern to other industries. 

The water requirement for refining 
a gallon of crude oil averages 17 gal., 
the extremes ranging from about 7 to 
30. It is beyond the scope of these 
remarks to explain this variation. The 
economics of refinery water usage are 
well appreciated, and water consump- 
tion is generally based on practical op- 
erating principles. 

The major portion of the water used 
in a refinery is for cooling by indirect 
heat exchange, the water never coming 
in contact with oil except in the event 
of equipment leakage. This spent cool- 
ing water leaves the refinery unchanged 
except for a temperature increase. 

A minor portion—10 to 20 per cent 
of the total volume of water pumped 
to the refinery—actually comes in con- 
tact with oil in the operation of such 
equipment as washers, stills, jet con- 
densers, and contact coolers. This used 
process water is the principal con- 
tributor to the problem of oil-water 
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separation. Typically, the oil content 
of this water is less than 1 per cent 
when not diluted by spent cooling wa- 
ter. 

The total amount of oil that gets into 
a refinery sewer system may range as 
high as 3 per cent of the volume of 
crude oil processed in the refinery, 
but the average is probably about 2 
per cent. Humble Oil and Refining Co. 
has recently reported * that oil in the 
sewer system at its Baytown, Tex., 
plant has been reduced to 0.3 per cent 
of the refinery crude run. 

A refinery oil-water separator has a 
job somewhat similar to that of the 
primary settling tank employed in the 
treatment of sanitary sewage. The in- 
fluent to an oil-water separator may 
contain the following: 


1. Free-floating oil, which is readily 
separable. 

2. Dispersed oil, most of which coal- 
esces rapidly and becomes readily sepa- 
rable. 

3. Dissolved oil, which cannot be 
separated but is present in insignificant 
amount. 

4. Emulsified oil, which 
slowly and may or may not separate in 
a reasonable length of time. 


coalesces 


Fundamentally, oil-water separators 
are designed on the basis that the in- 
fluent is composed of water and dis- 
persed oil only. This condition seldom 
exists in actual practice. Furthermore, 
the performance of an oil-water sepa- 
rator is influenced by other factors than 
the oil content of the influent. In ad- 
dition to oil, there are usually solids 
present that may be derived from silt 
in the intake water, surface drainage, 
or reaction of salts initially present 
with chemicals used in refining opera- 
tions. 

Considerable attention by refinery 
personnel is to minimize 
entry of oil to the sewers and of waste 


necessary 


* Resen, F. L., ‘How to Reduce Oil Losses 
in a Refinery.’’ Ot Gas Jour., 51, No. 11 
(July 21, 1952). 
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materials that would result in emulsi- 
fication of oil or act as emulsion sta- 
bilizers. The character of the sepa- 
rator influent is evaluated by an em- 
pirical test commonly referred to as 
the Susceptibility to Separation, or 
STS, test. This test is similar to the 
well-known Imhoff cone test in that a 
sample of the waste is allowed to re- 
main quiescent and the oil content of 
the clarified liquid is determined. The 
STS test indicates the amount of oil 
that cannot be separated by gravity. 
3ecause the test conditions are more 
favorable to separation than those actu- 
ally existing in any separator, the 
effluent oil content will be somewhat 
greater than the STS number. Once 
a background of data is established 
for a particular installation, the nor- 
mal range of difference between efflu- 
ent oil content and STS number, or 
the variation in ratio of these two 
values, may be used to determine 
whether a high oil content in a sepa- 
rator effluent is the result of the char- 
acter of the influent or of malfunce- 
tioning of the separator. 

The elements of an API oil-water 
separator are essentially the same as 
those of the rectangular settlers used 
in domestic sewage treatment practice 
—a sedimentation basin with devices 
for obtaining the best possible flow dis- 
tribution and for removing surface and 
bottom accumulations. Considerable 
study has been given to the subject 
of separator design by the American 
Petroleum Institute’s Committtee on 
the Disposal of Refinery Wastes. The 
most recent investigation made is the 
API-sponsored research program at the 
University of Wisconsin.* As a result 
of this program, several important rec- 


*<“Tnvestigation of the Behavior of Oil 


Water Mixtures in Separators.’’ Univ. of 
Wisconsin Eng. Exper. Sta., Hydraulie and 
Sanitary Eng. Laboratories. Final Report 
(Aug., 1951); also, Rohlich, G. A., ‘‘Per- 
formance of a Gravity-Type Oil-Water Sepa- 
ratory on Petroleum Refinery Wastes—Dis- 
cussion.’’ THIS JOURNAL, 23, 3, 291 (Mar., 
1951). 
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ommendations are being considered. 
These recommendations are concerned 
with design of the inlet end, oil-particle 
size used as the basis for calculating 
rate of rise of oil, maximum allowable 
horizontal velocity, and the question 
of single-stage versus two-stage sepa- 
rators. 

Although present-day separators per- 
form satisfactorily, one serious operat- 
ing problem remaining is the handling 
of separator sludge. Pumping the 
sludge from the separator is too fre- 
quently attended by suction-line block- 
age, and abrasion of pumps results in 
appreciable maintenance cost. The sol- 
ids content of the sludge is low—about 
2 per cent or less—and disposition of 
the sludge requires dewatering if it is 
to be used for fuel or possibly de-oil- 
ing if it is to be used as land fill. 

Another problem of economic im- 
portance to refiners is the loss of oil 
by evaporation from the surface of the 
separator. Some refiners have met this 
problem by the use of covered or en- 
closed separators; others claim that 
covered separators are a hazard and 
prefer to accept the evaporation loss 
rather than risk the chances of ex- 
plosion and fire. 

In petroleum refineries, oil-water 
separators are essential process units 
designed and engineered in the same 
manner as any other processing unit. 
A separator is an integral part of the 
refinery, and its operation, perform- 
ance, and economic aspects are viewed 
with the same critical attitude as those 
of other refinery equipment. Outside 
of the petroleum industry, there is a 
tendency to consider operation of sepa- 
rators highly profitable, and to assume 
that liberal expenditures should be 
allowed for the purpose of effecting 100 
per cent oil removal. Two facts should 
help to clarify this misconception. 
First, 70 to 80 per cent of the removed 
oil is recovered in the approach or in- 
let channels before the waste water 
enters the separator proper; oil recov- 
ered in such channels cannot properly 
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be credited to the separator. Second, 
oil particles having diameters less than 
0.015 em. are not amenable to separa- 
tion from water by gravity differential. 
This limitation and the inevitable loss 
of some larger oil particles because of 
eddy currents make it economically un- 
sound to strive for 100 per cent removal 
of oil by constructing separators hav- 
ing relatively great retention periods. 

In other industries having similar 
problems of oil-water separation, the 
scale of the job is much smaller than 
that of the petroleum refiner, but the 
separation of the oil and water is often 
more difficult to accomplish. Patented 
equipment available from _ several 
manufacturers is adequate to meet 
many small-scale separation problems. 
Some of the more difficult situations 
may be handled by combined treat- 
ment methods, such as chemical floceu- 
lation and sedimentation, or chemical 
flocculation and air flotation, but these 
techniques become costly when carried 
out on a large scale. 

C. H. Bunn, Jr., Standard Oil De- 
velopment Co., Esso Eng. Dept., Lin- 
den, N. J.:—There are several practi- 
cal points that merit further discussion, 
one of which is the question of covered 
separators. We do not like covered 
separators, in general, because it is 
difficult enough to secure proper opera- 
tion of separating equipment when it is 
all wide open and can be seen and ex- 
amined. Covered separators are also 
hazardous from the standpoint of fire 
and explosion. 

The best method of overcoming those 
difficulties has been found to be what 
we call a ‘‘pre-separation’’ flume. It 
is very simple in its concept and con- 
struction, amounting to nothing more 
than expanding the cross-sectional area 
of the final collecting sewer, making 
it a channel of fair width. In an aver- 
age case it might be 8 to 10 ft. wide. 
By this means the velocity in the chan- 
nel is reduced sufficiently to give a 
surprising amount of separation. The 
best part of that separation is that a 
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good portion of the oil separated con- 
sists of the lighter, more volatile oils, 
or the ones that escape most easily if 
spread out on the broad surface of an 
open separator. Those can be recov- 
ered by simple floating and skimming 
equipment at the end of the covered 
pre-separation flume. 

The next point to be watched is the 
transition section from the pre-separa- 
tion flume into the separator proper. 
This should be as streamlined as pos- 
sible to eliminate every possible source 
of re-mixing. We do that by using 
an open channel approach, designed 
as carefully as possible to eliminate 
obstructions and sharp corners and 
anything else that would create turbu- 
lence. The influent also enters the in- 
dividual separator channels, usually 
arranged in parallel, with free, full 
openings; full as to width and full as 
to height. Provisions are made for 
shutting off one channel at a time to 
facilitate mechanical repairs. This is 
done by applying stainless steel tem- 
porary gates at the entrance to the 
channel when needed. 

Attention to the little things in the 
way of hydraulics gives the best oper- 
ation in a separator. In the separator 
proper, the sludge removal mechanism 
and the oil skimmer must be so de- 
signed as to create no turbulence in 
the settling basin. Several types of 
conventional equipment are available. 

It must be remembered, moreover, 
that a separator is nothing but a piece 
of equipment that is operated by grav- 
ity; it is not a chemical treatment 
plant. Therefore, care must be exer- 
cised as to what is put into the sewers 
leading to the separator. Segregation 
of waste streams will help cure that 
situation to some degree, the amount 
of economical segregation into separate 
systems depending a good deal on the 
size of the plant. A small plant can- 
not afford to segregate and make two 
or more systems, whereas a large plant 
can. Sometimes the condition is based 
even on such characteristics as the 
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specific gravity of the oil. Light oil 
will separate much more readily and 
does not need the same degree of effi- 
ciency in separating as the heavy oil. 

By segregation and by education of 
operators within the plant not to con- 
sider the sewer system as the free 
dumping ground for something which 
should be re-cycled, or re-treated, or 
re-refined, a great deal of improvement 
can be obtained in separator operation. 

Question from the Floor:—The API 
separator design usually includes an 
entrance device that carries the oil- 
water mixture down toward the bot- 
tom of the tank. Would it not be bet- 
ter to flow the mixture into the tank 
over a long weir in a narrow sheet, 
taking care that the flow is not turbu- 
lent, but streamlined, so that the oil 
starts near the surface where it is sup- 
posed to end up? 

Mr. Bunn:—That question was very 
realistically answered by previously 
mentioned experiments conducted at 
the University of Wisconsin in tanks 
made of lucite so the investigators 
The 
recommendations include 
provision of open-channel approach to 
the separator channels and uniform 
flow distribution over the full eross- 
section. 

J. Henry L. Giles, Assistant City 
Engineer, Meriden, Conn.:—Are the 
machine oils used in industry suscep- 
tible of separation by the means men- 
tioned ? 

Mr. Austin:—They are not amenable 
to separation by gravity. Some kind 
of chemical treatment is required. 

Question from the Floor:—Why are 
API separators built in two sections 
instead of one? 

Mr. Bunn:—Older API publications 
showed a separator divided into a pri- 
mary and a secondary chamber. The 
new manual coming out advocated a 
single chamber of equivalent length 
to the total of the two, thereby avoid- 
ing the turbulence in going from one 
chamber to the next. 
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The two-section separator was a com- 
promise solution to the problem, result- 
ing from the older practice of improv- 
ing efficiency by using as many as 8 
or 10 chambers in combination to re- 
duce flow velocities or increase deten- 
tion times. 

Question from the Floor:—Has any- 
one ever tried the expedient of inject- 
ing oil bubbles into the oily waste to 
agglomerate the dispersed oil into big 
globules? 

Mr. Austin:—There have been in- 
stances where light oils have been 
added to the influent of separators. 
It is true that this practice will increase 
the efficiency of the separator some- 
what, but there also are quite a few 
disadvantages. Actually, the effluent 
from a separator contains only 50, 30, 
or 100 p.p.m. of oil. That is very little 
oil when reduced to gallons; it is hard 
to see about 50 gal. of oil in a million 
gallons of water. 


Subsurface Disposal 


Chairman Hess:—The next subject, 
subsurface disposal of waste liquors, 
suggests ‘‘sweeping the dirt under the 
bed.’’ It is much more complicated 
than this, however. 

First comes the question as_ to 
whether subsurface water supplies will 
be impaired. Geologists and sanitary 
engineers should have something to tell 
us about this. Sometimes it is neces- 
sary to treat wastes to make injection 
successful mechanically or to prevent 
impairment of water supplies. Engi- 
neers and chemists should have some- 
thing to tell us about this. Even spray- 
ing of land, such as ‘‘woodland waste 
disposal’’ by Seabrook Farms, at Sea- 
brook, N. J., might be regarded as a 
type of subsurface disposal. 

N. J. Lusczynski, Hydraulic Engi- 
neer, Ground Water Branch, U. S. 
Geological Survey, Mineola, N. Y.:— 
It is the general policy of the U. S. 
Geological Survey to recommend 
against the underground disposal of 
sanitary and industrial wastes, because 
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of the difficulty of obtaining adequate 
assurance in advance that a proposed 
disposal project will not contaminate 
currently or potentially usable aqui- 
fers, and because an aquifer, once con- 
taminated, may be unusable for many 
years. It is recognized, however, that 
under certain conditions underground 
waste disposal may be safe, physically 
practicable, and economically desirable. 

In planning the subsurface disposal 
of domestic sewage or industrial wastes, 
where there is intention to pump 
ground water subsequently for public 
supply, industrial, and other uses, the 
remarkable cleansing and disinfecting 
properties of sand, gravel, and silty- 
clay formations should be considered. 
Their ability under certain conditions 
to produce a water satisfactory as far 
as bacterial content is concerned is 
well-known, though perhaps not fully 
understood. Basically these properties 
must be presumed to be due to physi- 
cal, chemical, and biological actions, 
reactions, and interactions. 

There are countless examples of such 
purification of water; one of these is 
in Nassau and Suffolk Counties, Long 
Island, N. Y. For many years sewage, 
predominantly domestic, from more 
than 500,000 people, found its way to 
the underground formations after pas- 
sing through cesspools, septic tanks, 
and leaching installations, or after pri- 
mary or secondary treatment. The re- 
use of such water, after being mixed 
and diluted with a fresh supply under- 
ground and with percolating water 
from precipitation, was safe and satis- 
factory; that is true not only because 
of filtration in the very strict sense of 
the word, but perhaps more because of 
the inability of the harmful bacteria 
to survive in a changed environment, 
and because of absorption, adsorption, 
precipitation of insoluble substances, 
and perhaps ion exchange. Many of 
the pathogenic bacteria seem to die in 
the soil zone or in the zone of aeration. 
Those that survive to reach the water 
table do not move to any great depths 
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in the zone of saturation, but either 
move laterally a short distance in rib- 
bonlike stringers, or are stranded to 
die as the water table recedes. 

There is no question that sewage and 
wastes should not be introduced into 
consolidated formations, which have 
large openings and channels in the 
joints and along faults, through which 
contaminated and polluted liquids may 
pass, for the most part unchanged. 

Unfortunately for subsurface dis- 
posal, the unconsolidated formations 
do not improve the quality or change 
the amount, to any marked extent, of 
most soluble organic and inorganic 
chemicals. As is well-known, passage 
of saline water through sand and 
gravel formations decreases the chlo- 
ride content very little, if any. Dur- 
ing World War II hexavalent chro- 
mium in a concentration as great as 
40 p.p.m. traveled underground in the 
zone of saturation more than a mile 
down gradient from recharge basins 
into which it was dumped with acid 
wastes, after use for anodizing proc- 
esses at aircraft plants on Long Island. 
The dimensions and concentrations of 
one such slug of contamination were 
defined. The chromium-contaminated 
water was found to be moving very 
slowly underground, much as would a 
submerged log or submarine in surface 
water, and apparently with little de- 
crease in concentration. At present, 
chromic wastes at all aircraft plants 
on Long Island are pretreated to re- 
move soluble chromium before disposal 
to recharge basins, to percolate eventu- 
ally to the underground formations. 

Nitrate, up to 15 p.p.m. as nitrogen, 
appears in water pumped from shallow 
public supply wells in Levittown, N. Y., 
a housing project built in a former 
agricultural area that was highly ferti- 
lized for potato growing. The results 
of occasional sampling suggest at this 
time that the nitrate is due locally 
much more, if not completely, to the 
leaching of the fertilizer, and less to 
the nitrogen content in the outflow 
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from the thousands of individual cess- 
pools and septic tanks. Records show 
very little change in the nitrate in the 
water from the shallow wells since 
1947, during which time the popula- 
tion has increased from a handful of 
farmers to more than 60,000 residents. 

There are many cases of contamina- 
tion of the underground water supply 
by arsenic, brine, acid, and other in- 
dustrial wastes. Last year an unusual 
case was recorded, again in Levittown, 
N. Y.—that of passage of more than 1 
p.p.m. of residual chlorine in sand and 
gravel formations in the zone of satura- 
tion about 400 ft. to a nearby public 
supply well from a recharge basin re- 
ceiving the backwash from the filters 
for a swimming pool chlorination plant. 

The outstanding corrective proper- 
ties of the sand, gravel, silty-clay, and 
associated materials are indicated by 
the sanitary quality of water from 
wells that induce infiltration from pol- 
luted and contaminated rivers, such as 
the Ohio River. Because of dilution 
by surface runoff, the concentration of 
chemical substances in the industrial 
wastes is reduced appreciably in the 
river. Bacterial action in the moving 
sediments of the river bottom and very 
slow percolation in the aquifer tend 
to dispose of pathogenic organisms, and 
usually provide water safe for human 
consumption. No artificial treatment 
is usually required, although chlorina- 
tion provides an added factor of safety. 
Odors and tastes are reduced, if not 
eliminated entirely. Although the con- 
tent of the dissolved chemicals is that 
of the source water, phenols reportedly 
are removed and the quality is the 
same or better in many cases than 
after treatment by artificial processes 
above ground. A safe and sanitary 
water supply for many cities and 
towns is obtained from wells or col- 
lectors that induce infiltration of river 
water. 

Subsurface waste disposal cannot be 
resorted to indiscriminately ; if not con- 
trolled it will create greater and more 
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difficult problems than will some other 
method of disposal. Many integrated 
and interrelated factors need to be 
evaluated fully in connection with un- 
derground disposal. These include the 
amount and kind of domestic sewage 
and industrial wastes and the ratio of 
one to the other, availability of land 
surface space and of sand and gravel 
formations, population total and den- 
sity, degree of industrialization, cost 
of structures and appurtenances, etc. 
They are affected importantly by the 
intention to use or not to use the fresh 
or saline water from the underground 
formations subsequently. They may 
point to the economy of subsurface dis- 
posal up to a certain time and a cer- 
tain set of conditions, and then to the 
need of treatment entirely by artificial 
means above ground for eventual dis- 
posal to a river or the sea. 

Subsurface disposal can be effective, 
efficient, and economical under certain 
conditions and in certain localities, but 
each problem should be given indi- 
vidual appraisal. A duly considered 
decision is required as to whether sub- 
surface disposal can and should be 
made, and if so, whether to formations 
containing fresh water that are or will 
be developed for publie supply, indus- 
trial, or other uses, or to formations 
containing saline water from which 
there is no intention at present to 
pump such water but conceivably there 
may be in the future. If subsurface 
disposal is practical and safe, the next 
question is whether it should be made 
after treatment, and also when, where, 
and how much pretreatment of indus- 
trial wastes should be required. 

The result of such consideration and 
planning should be the full assurance 
that the water will be safe at all times 
and for all purposes intended now or 
possible in the future, and that the 
established standards of sewage treat- 
ment for a water supply will be met. 

At present the total demand for wa- 
ter for the many uses in the national 
economy is small compared to the total 
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annual natural replenishment. But 
with the ever-increasing population and 
standard of living in this country, the 
per capita use will surely increase and 
may be doubled in the next 25 years. 
Thus, the spread between natural sup- 
ply and demand will decrease, necesssi- 
tating, with the passing of the years, 
more judicious conservation and re-use 
of the water supply. Serious consid- 
eration will be given to the utilization 
of ground-water reservoirs on a much 
larger scale than in the past for re- 
ceiving waste waters, but only those 
waters that have not been spoiled for 
further use or that can be made safe 
and satisfactory by movement through 
unconsolidated formations. Thus, sub- 
surface disposal in accordance with the 
best engineering and geologic knowl- 
edge, and under full legal control, 
promises to play a much more im- 
portant role in the future. 

S. Mogelnicki, Research and Develop- 
ment Engineer, Waste Disposal, The 
Dow Chemical Co., Midland, Mich.:— 
At present, after about four or five 
years, we are successfully disposing of 
about 3,000 g.p.m. of waste brines by 
subsurface means. The brine wastes 
result from the processing of the natu- 
ral brines that lie in the Dundee and 
Upper Monroe formations at Midland, 
respectively 4,000 and 5,000 ft. below 
ground level. Both are of the open 
sand and sandstone types. 

There have been several problems 
connected with this method of brine 
disposal. Briefly, the brines leaving 
the processing plants are impounded 
in storage ponds, where any flocculent 
hydrates are allowed to settle. They 
are then pumped from the other end 
of the pond through pressure filters 
to leave the brine as free as possible 
from suspended matter, and then dis- 
tributed to outlying wells through 
pipes going out in four directions from 
the central point of the plant. 

Disposal is to both the Upper Mon- 
roe and the Dundee formations. No 
production brine is currently being 
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drawn from the Dundee formation. All 
is being drawn from the Sylvania or 
the Upper Monroe formation. 

Question from the Floor:—What 
pressure is used on the wells? 

Mr. Mogelnicki:—Although the brine 
has a specific gravity of 1.25, some of 
the wells will take it right out of the 
pipe line without pressurizing, at a rate 
as high as 1,000 g.pm. Other wells 
require pressure in order to take even 
several hundred gallons per minute. 

Mr. Lusezynski:—As regards travel 
of toxic elements in underground aqui- 
fers, one experience may prove inter- 
esting. A private domestic well down- 
grade from one of the aircraft factories 
in Suffolk County, Long Island, showed 
a high chromium content. The family 
using the well was induced to go to 
the hospital to be examined, in view 
of the fact that the standards call for 
a low tolerance as far as chromium is 
concerned. 

The family didn’t want to stay in 
the hospital more than one day and 
insisted on continuing to drink water 
from that well. At the last report 
there were indications that the chro- 
mium content was about 25 p.p.m., but 
the users are still alive. 

Voice from the Floor:—The U. S. 
Bureau of Mines has published quite 
a bit of literature concerning the ques- 
tion of brines in the petroleum pro- 
duction field. There are six or seven 
reports covering research work done in 
Kansas on brine disposal, going down 
to deeper brine formation underlying 
the oil to a depth of some 4,700 ft. 

There are literally hundreds of such 
wells in operation, probably constitut- 
ing the biggest use of underground 
waste disposal. 

L. F. Oeming, Chief Engineer, Michi- 
gan Stream Control Commission, Lans- 
ing, Mich.:—I am a little disappointed 
in the response that the underground 
disposal method is receiving here, as 
I feel that it has very definite possi- 
bilities. It is not limited only to dis- 
posal of brines from the chemical proe- 
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essing and oil industries, but also has 
possibilities for some of the wastes that 
are very difficult to treat. Such wastes 
include those being produced in the 
pharmaceutical industry. 

The method also should be useful in 
connection with taking waters from 
the ground that are highly contami- 
nated and are used for cooling purposes 
only. I have in mind one industry 
that during the summer takes from 
the ground a good deal of cold water 
that is very high in hydrogen sulfide 
content. The industry is returning 
some of that water now and will put 
more back to get rid of an extensive 
and severe pollution problem. 

In another ease, phenol-bearing 
brines are going back to underground 
formations at the 1,200- to 1,500-ft. 
level, as well as phenol waste from the 
manufacture of syntheties. 

L. H. Enslow, Editor, Water and 
Sewage Works Magazine, New York, 
N. Y.:—Underground disposal has 
great appeal; out of sight, out of mind. 
Everybody likes that, but it isn’t like 
polluting a stream or lake. If a stream 
or lake is polluted the first good freshet 
or even discontinuing the pollution will 
help to restore it. But when under- 
ground strata become saturated with 
something you don’t know a thing 
about, it may take a good many years to 
clear up. 

Mr. Mogelnicki:—At Midland we 
have observation wells in order to keep 
track of the static level in the forma- 
tion into which the waste is being in- 
troduced. At no time is waste injected 
at a rate that will raise the static level 
to the point where it will get up into 
the overlying drift. 

H. L. Jacobs, Engineering Service 
Div., E. 1. du Pont de Nemours and Co., 
Wilmington, Del.:—We have inquired 
of a great many states as to what their 
attitude would be on underground dis- 
posal into brine waters. Many of the 
states consider those brine waters and 
deposits as a resource which they do 
not want to tamper with, and in many 
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places you can’t get permission to put 
the wastes into underground strata. 

David B. Lee, Director and Chief 
Engineer, Bureau of Sanitary Eng., 
State Board of Health, Jacksonville, 
Fla.:—Many of the proponents of dis- 
posing of wastes by drainage wells have 
ruined Florida’s water resources. One 
of our favorite stories is that 10 hr. 
after a waste went underground they 
were drinking it. 

To get a permit to put any wastes 
underground in Florida it is necessary 
to apply to the Bureau of Sanitary En- 
gineering, State Department of Health 
—and approvals are no longer given. 
Underground disposal is tampering 
with one of the greatest resources— 
water. I agree that out of sight, out 
of mind, seems to be the general idea 
of getting rid of waste. Instead, it 
should be kept up where it can be seen, 
so that it will be on the public con- 
science. 


C. O. Huntress, Engineer, J. F. 


Pritchard and Co., Kansas City, Mo.: 
—As City Manager, I saw a town in 
Oklahoma forced to spend tremendous 
sums of money to develop a water sup- 


ply free from salt. In fact, the chlo- 
ride content sometimes reached 1,800 
p.p.m., which is pretty high, especially 
in a city water supply. That salt pol- 
lution was due to the earlier inefficient 
practices in drilling and operating oil 
wells. We were just unlucky enough 
to be in the drainage area for many of 
those wells in Kansas and Oklahoma. 

On the other hand, experience later 
in charge of salt-water disposal for the 
production department of a petroleum 
company taught me that large quanti- 
ties of water could be disposed of un- 
derground, although the process had 
to be carefully controlled. 

Many factors must be taken into 
consideration: geology, engineering, 
expense, and the methods of treatment. 
With careful consideration of those 
factors there is no reason why the 
brines cannot be disposed of under- 
ground. Without careful control, how- 
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ever, serious damage can be done to 
the aquifers. 

With present-day recognition of the 
problems and the careful engineering 
control needed, there seems no reason 
why certain wastes cannot be disposed 
of underground as well as treating 
them or disposing of them on the sur- 
face. 

Gordon E. Mau, Sanitary Engineer, 
State Board of Health, Lawrence, 
Kans.:—Kansas probably has more 
brine disposal wells than all the rest 
of the states combined. All the states 
surrounding Kansas have lost munici- 
pal water wells due to brine pollution. 
Several Kansas wells have been threat- 
ened, but to date not a single Kansas 
city has lost underground water sup- 
ply because of oil field activities. 

Several surface supplies were threat- 
ened. In fact, some of them were prob- 
ably completely impaired, at least tem- 
porarily, for domestic use. One of the 
streams placed in this condition has 
been referred to by Mr. Huntress. 
However, for the last 10 years I do not 
believe the chlorides have been over 250 
p.p.m. at any time where it crossed the 
Kansas line. Therefore, if brines are 
disposed of into a mineral-like water 
formation below an intracurvous geo- 
logical formation, no danger will be af- 
forded to a water supply, provided the 
injection well is properly constructed. 

Furthermore, in some cases fresh 
water has been pumped to dissolve one 
formation, which has been disposed of 
to a deeper formation, using the cavern 
to store liquid petroleum gas during the 
summer weather so it can be pumped 
out for use during colder weather. 

Mr. Lusczynski:—Underground dis- 
posal is a very controversial issue. 
Basically there are two schools of 
thought—those who would not put 
any possible contamination under- 
ground, and those who would consider 
the possibilities under controlled con- 
ditions. 

I do not intend to take sides. My 
feeling is simply that, although at 
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present the difference between use and 
original replenishment from precipita- 
tion has a large spread in favor of 
large supplies, despite shortages in 
some areas, there is perhaps at this time 
much less need for consideration of 
subsurface disposal where there is any 
intention of using water from the un- 
derground system in the future. How- 
ever, as the population of the country 
increases, as the per capita use in- 
creases, and as the gap between original 
replenishment and demand narrows, 
we will need to give further and more 
serious consideration to subsurface dis- 
posal. 


Lagooning with Sodium Nitrate 


Chairman Hess:—The next topic is 
lagooning with sodium nitrate. La- 
gooning in suitable soil would be a 
simple method for preventing waste 
liquors from reaching public waters if 
an unlimited amount of cheap land 
were available nearby. However, even 
in this case, some types of wastes would 
present a public hazard and others 
would present an odor nuisance. 

Furthermore, some types of soil 
allow seepage into and pollution of sur- 
face or subsurface waters. Beyond 
that, the practical limitations on the 
size of lagoons usually require periodic 
discharge of the liquor into public wa- 
ters and disposal of settled sludge. 

The present discussion is primarily 
concerned with those waste liquors 
which can be treated with sodium ni- 
trate to avoid odor nuisance and render 
the effluent acceptable for discharge 
into public waters. 

Harvey G. Rogers, Director, Division 
of Water Pollution Control, State 
Board of Health, Minneapolis, Minn.: 
—Minnesota experience with lagoons 
has been limited to observations involv- 
ing the disposal of wastes from vege- 
table canning plants. Some years ago 
Minnesota developed quite a little in- 
dustry in connection with vegetable 
canning. It did not take long for the 
Department of Health and others as- 
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sociated with nuisance problems to dis- 
cover where each of the plants was, 
because of the problems associated with 
the disposal of the wastes. 

The ordinary treatment methods 
available at that time were either ex- 
cessive in cost or unsatisfactory with 
respect to their efficiency in handling 
this type of waste. Therefore, the most 
obvious thing to do was to construct 
lagoons of sufficient size to store the 
waste and permit discharge into the 
streams during periods when stream 
conditions were much more favorable 
than they were during the season in 
which the canning companies operated. 

The amount of waste discharged 
from these plants, amounting to some 
35 to 50 m.g., a season, was a consider- 
able problem. The strength of the 
wastes and the various differences in 
manufacturing processes caused a dis- 
charge of wastes at a very unfavorable 
time of the year, under conditions 
likely to cause serious odor conditions. 

Sodium nitrate was suggested as a 
means of making oxygen available so 
that the odor might be reduced. In a 
vood many eases sodium nitrate was 
found to be a valuable tool in over- 
coming these nuisances. However, the 
problems associated with the construc- 
tion and operation of lagoons in many 
accrued beyond the facilities 
made available by the addition of the 
sodium nitrate. 

The ordinary recommended require- 
ments for sodium nitrate, based on the 
amount of peas in cans or corn in cans, 
provided a starting point. However, 
the other features of the design of the 
lagoon were much more important; that 
is, the depth of the lagoon and its lo- 
cation with respect to nearby buildings 
and habitants. 

In several cases it was found neces- 
sary to use large quantities of sodium 
nitrate. In other cases even uneco- 
nomical amounts of nitrate did not 
eliminate odors. 

Looking into the future, the com- 
panies in this particular activity have 
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turned to another direction for the dis- 
posal of their wastes. The sodium ni- 
trate provided a temporary means of 
making continued operation of the la- 
goons, and therefore of the factories, 
possible. 

It is not expected that the use of 
this method for this particular type of 
waste will continue much longer. It 
has served its purpose and, when used 
within its limitations, has been a satis- 
factory method of accomplishing the 
results for which it was intended. 

O. J. Muegge, Sanitary Engineer, 
State Board of Health, Madison, Wis.: 
—The Wisconsin State Board of Health 
also has had some experience with la- 
goons on vegetable cannery wastes. In 
fact, it has had a rather extended ex- 
perience with lagoons, particularly at 
cheese factories. 

In the early days it was the practice 
for the cheese maker to dump his waste 
at the most convenient outlet, thereby 
often creating miniature lagoons. In 
the vegetable canning industry, the 
first lagoon in Wisconsin was installed 
about 30 years ago. The lime treat- 
ment used in that initial lagoon was 
not too satisfactory. Although iso- 
lated, the lagoon produced odors that 
were objectionable to the community. 

Because of the difficulty with the 
first installation, the number of lagoon 
installations increased slowly. In the 
10-year period ending in 1942, when 
sodium nitrate was introduced, only 
14 lagoons were installed. Some of 
those used lime, some used caustic soda, 
and some attempted to use an oil seal 
to control odors. They were not too 
successful. The only ones that worked 
reasonably well were those located over 
sand or gravel deposits where good 
drainage was available and anaerobic 
decomposition was not a factor. 

With the development of the sodium 
nitrate treatment, a considerable num- 
ber of canneries installed lagoons. At 
present, there are some 53 cannery 
waste lagoons in operation in Wis- 
consin. During the 1951 season, 28 
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of those used sodium nitrate, 14 used 
a deodorant known as Polycide, 11 used 
other agents, some continued with lime, 
some with caustic soda, and some with 
an oil seal and another commercial 
deodorant. 

With proper operation it is feasible 
to dispose of vegetable cannery waste 
satisfactorily by means of a lagoon. To 
accomplish this objective, the lagoon 
should be of sufficient size to provide 
dilution. At least 25 per cent of the 
lagoon capacity should be retained as 
stabilized waste from the preceding 
operation, 

Sodium nitrate should be added 
when and if necessary, and in amounts 
as proven necessary to control it. It 
is our experience that if the B.O.D. in 
the lagoon can be kept under, say, 300 
p.p.m., with an occasional case of 400 
p.p.m., there should be no detrimental 
effects due to odorous conditions. In 
a cannery, of course, that means keep- 
ing out the strong wastes, such as the 
silage juice from the pea vines or the 
corn stalks. 

Lagoons should be prepared before 
each season’s operation by removing 
the weeds and any foreign material 
that may affect the sodium nitrate use 
or contribute to the load in the lagoon. 

In Wisconsin, the lagoons that are 
operating successfully have a sodium 
nitrate addition that runs from noth- 
ing to 238 lb. per 1,000 24-can cases 
packed. 

In the operation of a lagoon, D.O. 
decreases, B.O.D. decreases, and plank- 
ton increases for about the first two 
weeks after the waste is introduced 
each season. It then stabilizes, unless 
exceptionally strong waste, such as 
silage juices, are discharged therein. 

Immediately after the close of the 
pack, there is a pronounced drop in 
B.O.D. In some cases this has been as 
great as from 800 p.p.m. to about 50 
p.p.m. within a 2-week period after the 
waste discharge ended. 

Commercial deodorants have not 
proven too satisfactory. One that was 
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tried seemed to have an inhibiting ef- 
fect on the organisms present and tem- 


porarily stopped stabilization. The 
Polycide previously referred to did not 
inhibit growth of organisms, and per- 
mitted stabilization. The results, how- 
ever, were not too satisfactory, as there 
were odors of decomposition and of the 
deodorant in rather sharp ranges at 
times throughout the pack. 

In one place during 1951 an attempt 
was made to use brewer’s yeast. The 
method followed was to inoculate the 
lagoon at the beginning of the pea pack 
and at the beginning of the corn pack 
with about 250 gal. of brewer’s yeast. 
At the end of two weeks no yeast was 
to be found in the lagoon, so that ap- 
parently was not a helpful procedure. 

As Mr. Rogers has indicated, the 
current trend is to go to sprayed irri- 
gation of cannery waste instead of in- 
stalling more lagoons. Lagoons will, 
however, continue to be used, particu- 
larly on wastes from peas, which quite 
frequently are packed after the grow- 
ing season has ended. 

Another innovation is being tried in 
lagoon operation in Wisconsin in that 
one plant, or three plants, actually, 
have small experimental lagoons for the 
disposal of spent sulfite liquor. In one 
place where 30,000 g.p.d. of sulfite liq- 
uor are being added to a lagoon, the 
B.O.D. concentration has been reduced 
from more than 10,000 p.p.m. in the raw 
waste to about 1,000 p.p.m. in the wa- 
ter seeping from the lagoon towards the 
stream. That is an excellent reduc- 
tion, even though the B.O.D. is still 
high. The other two installations are 
barely getting under way, so no data 
are available. 

There is also one instance of a plant 
handling milk waste by spray aeration 
preceding 5-day storage in a lagoon. 
It has proven satisfactory to the extent 
that the stream conditions below the 
plant have been materially improved. 
The actual B.O.D. reduction in that 
particular instance is not known. 

Morris N. Lipschuetz, Chemist, New 
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York State Conservation Department, 
Rochester, N. Y.:—In connection with 
the use of sodium nitrate, the nitrate, 
of course, is reduced to ammonia. That 
fact should be taken into consideration 
when the use of sodium nitrate is sug- 
vested. 

Mr. Ryan:—In New York State there 
are a few smaller lagoons, like those in 
Minnesota and Wisconsin, that have 
given successful treatment. In one at 
Rushville, N. Y., 95 per cent B.O.D. 
reduction has been found possible. 

It is necessary to hold the waste in 
lagoons for quite a period of time so 
that the warm weather will aid. Ni- 
trate currently is not used because of 
its scarcity. 

Preparation of a lagoon is probably 
as important as the preparation of an 
Imhoff tank or any other type of treat- 
ment unit. We prefer depths of 5 ft. 
or less, and that the earth be bulldozed 
from the inside if possible. That elimi- 
nates trouble with rats in built-up 
dikes. 

In New York, the preference is for 
the longitudinal direction to be east 
and west, so as to take advantage of 
the wind. 

One of the troubles with lagoons is 
that the users do not leave them in 
action long enough before removing the 
effluent. Lagoons can be operated suc- 
cessfully, but they need just as much 
care as any other type of treatment. 

Robert S. Ingols, Georgia Institute 
of Technology, Atlanta, Ga.:—An ex- 
perience during the summer of 1952 
with a stream receiving a considerable 
amount of peach canning waste may 
be of interest. In this case the strong 
waste was lagooned in contra-distine- 
tion to the practice in Wisconsin. This 
was done because the canning plant 
was right in the center of town and 
enough space could not be provided to 
lagoon the entire waste from the plant. 
It was necessary, therefore, to reduce 
the load on the stream by lagooning 
just the strong waste. 

The stream became so septic that it 
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was giving off considerable hydrogen 
sulfide. At one of the deep points on 
the stream the minnows were the only 
life that could be seen, and they were 
near the top and breaking surface con- 
tinuously. 

The practice was instituted of adding 
100 lb. of sodium nitrate directly to 
the stream during every hour of plant 
operation. Something on the order of 
3 tons of nitrate were added to a stream 
flowing not more than 3 or 4 ¢.f.s. This 
material went into a pond with about 
4- or 5-day detention and at no time 
were any fish killed. 

It is not believed that the reduction 
of sodium nitrate goes invariably to 
ammonia, although it is possible that 
it may under some conditions. Cer- 
tainly, under many conditions the re- 
duction of nitrate goes to nitrogen and 
would not, therefore, leave a toxic end 
problem. If the ammonia is toxic, cer- 
tainly fish would have been killed in 
the pond mentioned, and this did not 
occur, 

Mr. Muegge:—The lagoons being op- 
erated in Wisconsin, and the same 
probably is true in Minnesota, are hold- 
ing-type lagoons. The waste is held for 
an entire season and is not discharged 
until it is fully stabilized. Usually that 
occurs during the spring runoff season, 
when quite a bit of dilution is available. 
The B.O.D. at that time may be as low 
as 20 p.p.m. 

Mr. Rogers:—lIt is impossible to dis- 
charge wastes directly to streams dur- 
ing the war months when the canning 
plants are in operation. The lagoons 
freeze over in winter. The treatment is 
incidental. The stabilization is inci- 
dental. It is a question of being able 
to take advantage of high stream flows 
during the spring runoff. 


Anaerobic Digestion 


Chairman Hess:—The next topic is 
anaerobie digestion. One of the big 
problems in the abatement and preven- 
tion of water pollution by industrial 
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wastes is to eliminate oxygen depleting 
components from waste liquors. 

In this connection industry to a con- 
siderable extent is adopting the proc- 
esses of the sewage treatment plant, 
which in turn are based on nature’s 
own methods. 

It seems logical to apply anaerobic 
digestion or fermentation to treatment 
of concentrated wastes. There are, how- 
ever, many questions that must be an- 
swered as to type of waste to which it 
is applicable, design of equipment, and 
conditions of operation if the method 
is to be applied successfully. 

W. J. Fullen, Chemist, George A. 
Hormel and Co., Austin, Minn.:—The 
anaerobic digestion of packinghouse 
waste has been a research program of 
the George A. Hormel Packing Com- 
pany for the past 314 years. During the 
first 18 months the work was done on a 
laboratory scale. For the past 2 years 
the research has been confined to the 
present pilot plant, which is capable of 
handling up to 10,000 g.p.d. Adequate 
instrumentation and controls have been 
provided, and a competent machine 
shop and adequate laboratory facilities 
have been available. 

The pilot plant is operated continu- 
ously; that is, 24 hr. per day, 7 days 
per week. The week end procedure is 
to either circulate the entire contents 
or to feed a weak waste. Samples are 
analyzed daily. The conclusions briefly 
reported here were arrived at from lab- 
oratory and operating records of the 
pilot plant for the past 2 years. (See 
Tus JOURNAL, 25, 5, 576; May, 1953). 

The method is essentially a ‘‘con- 
tact’’ process, in which raw waste is 
kept in intimate mixture with an ac- 
climatized activated anaerobic sludge. 
This is accomplished in an insulated, 
closed digester maintained at a tem- 
perature of 92° to 94° F. The sludge 
is subsequently separated from the di- 
gester effluent, and returned to the 
digester. 

The salient features revealed by this 
research are as follows: 
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1. Packinghouse waste is peculiarly 
adaptable to the anaerobic treatment 
because the thermal and mineral re- 
quirements are intrinsically present. 
The organic carbon and nitrogen seem 
to be present in such a ratio as to 
produce an ideal substrate for the 
methane-producing organisms. 

2. Packinghouse wastes of a wide 
range of organic concentration can be 
digested in 24 hr. or less, producing 
effluents showing a 95 to 96 per cent 
reduction of B.O.D. 

3. B.O.D. loadings of the digester 
ranging from 0.067 to 0.084 lb. per 
eubie foot per day have been used in 
these tests. 

4. A practical vacuum method of 
continuously removing entrained gas 
prior to sedimentation of the digester 
effluent is described. 

5. The anaerobic method seems to 
have economic advantages both in con- 
struction and operation over the con- 
ventional aerobic biological method. 

6. Compactness of design is an at- 
tribute of the method. A suggested 
layout for a plant to handle 1 to 1.5 
m.g.d. occupies an area of about 0.5 
acre. 

George J. Schroepfer, Professor of 
Sanitary Engineering, University of 
Minnesota, Minneapolis, Minn.:—An 
interesting phase of the anaerobic proc- 
ess concerns the thermal requirements. 
Anaerobic digestion has been used now 
for quite a number of years and it has 
always been the impression that the 
wastes had to be quite strong—in the 
neighborhood of 10,000 p.p.m.—for the 
process to be as economical as it gen- 
erally has been considered. It is pos- 
sible to set up a thermal balance in a 
process like this, taking the B.t.u. of 
the influent wastes, plus the B.t.u. value 
of the gas, minus the radiation losses 
from the system, and the added heat 
requirements. In some cases there is 
an excess of heat, which should equal 
the heat content of the effluent. 

Based on a 95° F. digestion tempera- 
ture, the annual values of added heat 
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requirements for raw waste tempera- 
tures of 60°, 80°, and 90° F. are $5,000, 
$10,000, and $15,000, respectively. This 
particular study was based on a vola- 
tile solids content of 1,200 cu. ft. in 
the 1-m.g.d. plant. 

Comparison of this volatile solids 
content with the standard anaerobic 
processes commonly used and for this 
size plant, the indicated savings, at a 
raw waste temperature of 85° F., were 
about $10,000 a year. 

Using this strength of waste, the 
added fuel requirements are zero when 
the temperature of the raw wastes is 
88° F. If, however, the temperature of 
the raw wastes is 75° F., the added fuel 
requirements of $10,000 completely off- 
set any possible savings in the process. 

Incidentally, the values given are 
based on no heat recovery by means of 
surface-type heat exchangers or heat 
pumps. There is, of course, a great 
heat content in the effluent when the 
digestion temperature is 95° F. It 
might be possible to recover some of 
that heat, as suggested in Aukland, 
New Zealand; a heat pump might be 
used and might be quite efficient. 

On 600-p.p.m. wastes the waste would 
have to be around 90° F. in order to 
have a heat balance. At 1,800 p.p.m. 
heat balance would be attained if the 
wastes were at 80° F. 

Studies of this type have been made 
on wastes as strong as 6,000 p.p.m. 
For such a concentration, raw wastes 
at 60° F. would require about $4,500 
per year for fuel requirements. On the 
other hand, the same wastes at 65° F. 
would give an available excess of heat 
valued at $22,000 annually. 

The foregoing are all based on 95° 
F. digestion. If it is possible to digest 
at 90° F. with the same digester ca- 
pacity as has been found in these stud- 
ies, additional savings in heat can be 
made. At 90° F., to get a heat balance, 
the waste can be approximately 5° 
cooler than at 95°. 

In general, it is economical to have 
the wastes as strong as possible by not 
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admitting clean waters, but in the an- 
aerobic digestion process it is even more 
important to have warm wastes. 

Mr. Jacobs:—In this process is the 
digester inoculated with sewage, or are 
the bacteria already in the waste? 

Mr. fFullen:—The digester was 
started with primary and secondary 
sludge obtained from the City of 
Boston. 

Mr. Enslow:—What is the compo- 
sition of the gas, as compared with 
ordinary sludge gas? 

Mr. Fullen:—It is just about the 
same, probably about 60 to 80 per cent 
methane and between 20 and 35 per 
cent carbon dioxide. The net fuel 
value is about 600 B.t.u. per cubic foot. 


High-Rate Filters 


Chairman Hess:—High-rate filters, 
the subject of the next section of the 
Forum, might be regarded as an im- 
provement on nature’s own aerobic 
processes. Man’s machines are used to 
produce conditions that do not exist in 
nature. 

Just what is the latest knowledge 
about these conditions and how are 
they applied to industrial wastes? 

D. 8S. Merritt, Project Engineer, 
Campbell Soup Co., Camden, N. J.:— 
High-rate filters usually are associated 
with secondary treatment or relatively 
complete treatment. The investigation 
reported on in the following, however, 
is on the use of a high-rate trickling 
filter as a ‘‘scalping’’ filter, or in a way 
similar to a ‘‘sealping’’ screen in the 
removal of suspended solids. 

Chemical treatment and sedimenta- 
tion has been accepted by several states 
as a means of treating cannery wastes 
in those cases where only partial reduc- 
tion of the B.O.D. is required. Reduc- 
tion of B.O.D. by chemical treatment 
and sedimentation presents problems in 
sludge disposal which may make the 
process very costly. 

If the cannery is in the open country, 
disposal of the bulky sludge can be ac- 
complished quite cheaply by lagoons. 
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But if the cannery is in an area so 
built up that no suitable vacant land 
is available for sludge lagoons, filtra- 
tion and incineration of the sludge are 
necessary. The cost of equipment for 
filtration and incineration is great 
enough to make this process of waste 
treatment prohibitive for a seasonal 
manufacturer. 

Furthermore, the effectiveness of 
chemical precipitation and sedimenta- 
tion in reducing the B.O.D. of cannery 
waste, varies considerably as the con- 
stituents of the waste vary; that is, 
the more soluble B.O.D. contained in 
the waste, the less effective sedimenta- 
tion becomes in reducing the B.O.D. 

In the case under discussion screens 
removed suspended solids to the re- 
quired point, making it necessary only 
to reduce the B.O.D. of the effluent to 
a point where it could be handled by 
the municipal treatment plant. 

Therefore, an investigation was un- 
dertaken to determine the effectiveness 
of a high-rate trickling filter when used 
for only partial removal of B.O.D. 
from soluble cannery waste; that is, if 
the filter could be used for a partial 
B.O.D. removal in the same way that 
a scalping screen is used in the removal 
of suspended solids? Such an investi- 
gation was carried on by the speaker 
under the direction of Messrs. F. W. 
Mohlman and K. V. Hill. 

It was known that the bulk of the 
suspended solids could be removed from 
the waste by either rotary or vibrating 
screens using wire cloth with an open- 
ing of 1 mm. (18 meshes per inch). 
Consequently, the trickling filter pilot 
plant was constructed without the 
usual chamber for settling the waste 
before applying it to the filter. By 
eliminating primary settling of the 
waste one point of sludge accumula- 
tion was avoided. 

The filter used in this investigation 
was a wooden tank 20 ft. in diameter 
containing a 6-ft. bed of crushed trap 
rock. The rock selected for the filter 
bed was coarser than usual, being 
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screened to be retained on a 214-in. 
screen and to pass a 4-in. screen. Many 
pieces of the rock, although passing a 
4-in. screen in cross-section, were 8 or 
10 in. long. The result was a very 
porous bed with large voids. No diffi- 
culty was experienced from clogging 
of the filter, provided the pH was prop- 
erly controlled, but whenever the pH 
dropped below 6.0, a noticeable growth 
of mold developed within a few hours. 
This is not surprising when one con- 
siders that tomato washer water, con- 
taining sugars, acid from split to- 
matoes, and mold fragments removed 
by the washers, was a major constitu- 
ent of the waste being treated. 

Whenever mold growth appeared on 
the filter it entrained quantities of fine 
suspended solids and built up into 
such a thick incrustation that an- 
aerobic conditions developed, with ac- 
companying disagreeable odors. In- 
creasing the pH of the influent to 8.0 
corrected the condition promptly, how- 
ever, by killing the mold. It is con- 
cluded, therefore, that close pH control 
is necessary for the satisfactory opera- 
tion of a high-rate trickling filter as a 
scalping filter for any cannery waste 
or soluble organic waste where mold 
growth may develop. 

A recirculation ratio of 5 to 1 was 
found to be the optimum condition of 
recirculation. Recireulation at this 
ratio inereased the B.O.D. removal per 
acre-foot per day by 120 per cent over 
a recirculation of 3 to 1. Increasing 
the recirculation ratio to 7 to 1 in- 
creased the B.O.D. removal by only 8 
per cent more. 

Prior to this investigation it was ex- 
pected that the maximum loading of 
the filter would be around 7,000 or 
8,000 lb. B.O.D. per acre-foot per day. 
Several tests were made at loadings of 
10,500 to 11,500 lb. B.O.D. per acre- 
foot per day. No difficulty was en- 
countered from clogging or from of- 
fensive odors at these high loadings. 
The reduction accomplished varied 
from 40 per cent at 7,500 lb. B.O.D. 


loading to 32 per cent at a loading of 
11,500 Ib. 

The maximum rate of B.O.D. re- 
moval was 3,400 lb. per acre-foot per 
day, and oceurred at a loading of 9,000 
lb. 

From this investigation it is con- 
cluded that a high-rate trickling filter 
provides an attractive means for par- 
tial treatment of cannery waste that 
is high in soluble B.O.D. and low in 
suspended solids, because sedimenta- 
tion and sludge disposal are not neces- 
sary. 

C. H. Nichols, Merck and Co., Rah- 
way, N. J.:—The high-rate filter was 
brought to reality by Jenks in 1936. 
Development and successful use of 
trickling filters that can take four to 
five times the B.O.D. that can be han- 
dled on conventional trickling filters, 
has been a definite advantage from a 
capital cost viewpoint and also from 
the viewpoint that it can take a much 
greater liquid loading per unit of sur- 
face area. 

Unit B.O.D. loadings of 1.5 to 2.0, 
or even up to 4 lb. per cubic yard are 
now common. Liquid application rates 
ranging from 15 to 30 mz.g.a.d. are 
used on these filters. The higher liq- 
uid rates occur usually with the lower 
B.O.D. application rates. Continuous 
sloughing in high-rate filters permits a 
more active growth, giving a higher de- 
gree of treatment. 

High loadings of more than 4 lb. of 
B.O.D. per cubie yard can be applied 
in cases where the biofilter is used as 
the first unit in series with a successive 
filter. Recirculation ratios are rela- 
tively high with the biofilter units, 
‘ranging from three to five times the 
main flow. 

Biofilter efficiency, at the lower load- 
ings and measured in terms of B.O.D. 
removed in passing through the unit, 
ranges from 70 to 85 per cent. Where 
an additional biofilter unit is used to 
handle the settled effluent from the first 
biofilter, the over-all efficiency may be 
increased about 10 per cent. 
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The high-rate trickling filter or bio- 
filter has a stone depth of about 3 to 
4 ft., as contrasted with the 6- to 9-ft. 
depths in the standard-rate filters. 

With the high biochemical and liquid 
loadings on this type of filter, critical 
factors of design are important. Such 
items as adequate liquid velocity in the 
tile drains, and proper ventilation, are 
important. A minimum liquid velocity 
of 2 ft. per second should be used in 
the drain. A 70 to 80 per cent free- 
board to give good air circulation to 
feed the bacteria and increase the oxy- 
gen content of the liquid in the filter 
is important. 

Another important factor of design 
is in the specifications of the stone used 
in biofilters. Calculations show that 
the percentage of free space between 
the stones is not much different in sizes 
ranging from 114 to 4 in. However, if 
the stone is long and flat this free 
space is decreased, adversely affecting 
aeration and preventing the filter from 
carrying on its normal sloughing cycle. 
As nearly cubical shapes as possible 
should be used. Certain types of lime- 
stone have a tendency to crush into 
flat pieces; others are more uniformly 
shaped. Good grading and washing of 
the stone before placing in the bio- 
filter are important items. 

Biofilters can accept excessive inter- 
mittent biochemical loads of three to 
four times their normal design rating 
without seriously affecting their per- 
formance. However, poisoning by 
metals (lead, copper, zinc, chromium, 
ete.) can cause drops in efficiency re- 
quiring lengthy periods for recupera- 
tion. 

In that portion of the nitrogen cycle 
covering conversion from nitrites to ni- 
trates, nitrification in a high-rate filter 
is lower than in standard filters, largely 
due to the lower bed depth. However, 
the higher oxygen content of the liq- 
uid waste from a biofilter may assist 
in by-passing the nitrate cycle, with 
direct conversion from nitrite to am- 
monia and free nitrogen in the pres- 
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ence of anaerobic bacteria. At the same 
time, the lower B.O.D. from the high- 
rate filter (due to higher efficiency) 
may make the ultimate completion of 
the nitrification cycle unnecessary. 

Biofilters have very little odor and 
a minimum fly population, due to the 
high liquid application rate. It has 
been shown that a marked decrease 
in toxicity to fish and fish food organ- 
isms takes place during the biofilter 
treatment operation. 

The increased use and consistently 
good performance testify to the sound- 
ness of the biofilters, particularly in 
industrial waste applications. 

J. A. Liontas, Sharpe & Dohme, 
Philadelphia, Pa.:—Was any difficulty 
experienced with solid batches in 
handling the wastes on the filters? 

Mr. Nichols:—The pilot work was 
carried on during bad batches and good 
batches, without apparent effect on the 
operation of the biofilters. They are 
able to accept bad conditions for a 
reasonably short period of time and 
stay within a good operating range. 
Of course, once the filters are knocked 
out they take a long time to recover. 

Question from the Floor:—Do you 
use pH control? 

Mr. Nichols:—All the wastes are col- 
lected in an equalizing basin, which 
serves the dual function of pH equali- 
zation and removal of suspended sol- 
ids. Wastes from the basin are just 
about at pH 7.0. 

As has been pointed out, the cost of 
sludge disposal is rather high. It was 
estimated to cost about $150,000 to put 
in equipment to handle the sludge. Ex- 
ploration of other methods led to adop- 
tion of land disposal. On plowed land 
the sludge digested in a short time and 
there was good drainability. 

Application rates between 0.2 and 0.4 
g.p.d. per sq. ft. were tried, through 
all types of weather. Of course, in 
rainy seasons we couldn't plow. In 
cold weather we have had no trouble, 
but in warm weather frequent plowing 
is necessary. 
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Question from the Floor :—What was 
the concentration of the sludge put on 
the land? 

Mr. Nichols:—About 1,300 to 5,000 
g.p.d., containing about 3 per cent 
solids, are applied. 

Question from the Floor:—Is it in- 
tended to use any kind of aeration prior 
to filtration? 

Mr. Nichols:—Experiments on aera- 
tion were very successful, giving B.O.D. 
The 


reductions of 50 to 70 per cent. 


A new process for recovery of waste 
liquors from sulfite pulp mills was de- 
scribed by Arthur Pollack and Robert 
S. Aries, chemical engineers of New 
York, N. Y., at a recent joint meeting 
of the American Institute of Chemical 
Engineers and the Chemical Institute 
of Canada, held at Toronto, Canada. 
Named the ‘‘Sulfox’’ process (derived 
from ‘‘sulfur oxidation’’), the process 
adapts to the sulfite pulp mills a proc- 
ess that has been successfully used in 
sulfate (kraft) mills for a long time 
burning the liquor and re-using the 
chemicals involved. The process also 
can be applied to neutral sulfite pulp- 
ing, a method of pulping hardwoods 
that is rapidly coming into wide use. 

About 60 mills in Canada and the 
United States now dump their spent 
sulfite liquor. For these, the Sulfox 
process appears to offer a_ practical 
solution to waste disposal problems. 
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aeration is not of the conventional type. 
In one plant taken over by the company 
the concrete basins were already there, 
making aeration attractive from an 
economy viewpoint. However, we 
would like to try a filter system be- 
cause of its stability of operation, its 
economy of installation, and its low 
operating costs. No real survey has 
been made to determine which is the 
cheapest, the decisions having been 


largely governed by the existing situa- 
tions. 


In the new process the spent liquor 
is evaporated and burned to an ash in 
the same kind of equipment now used 
in kraft mills. This is practical be- 
cause common soda is used in place of 
the lime, dolomite, magnesia, or am- 
monia now used in sulfite mills. Its 
use does not impair the quality of the 
pulp and, in fact, there is some evi- 
dence that such a pulp has advantages. 

As in kraft mills, the ash from burn- 
ing sulfite liquor is a mixture of sodium 
sulfide and carbonate. The sulfide is 
oxidized to sulfite by a procedure which 
the inventors have been able to reduce 
to a surprisingly simple operation. The 
product is a powder of mixed sodium 
sulfite and carbonate, which is fortified 
with sulfur dioxide in the equipment al- 
ready available at all sulfite pulp mills. 
Any soda lost in the eyele also is added, 
the resulting batch being the cooking 
liquor ready for the pulp mill. 
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THE OPERATOR’S CORNER 


ConpucTEeD BY HERBERT P. ORLAND 


SELLING THE PUBLIC ON SEWAGE TREATMENT 


Although public health protection 
by sewage treatment should be the 
concern of each and every member of 
the vast group known as ‘‘the pub- 
lie,’’ it is astounding how many people 
take it for granted or ignore it en- 
tirely. Yet it is only by actively inter- 
esting these very people in the neces- 
sities for and problems of sewage treat- 
ment that the money usually can be 
made available for construction, im- 
provement, and operation of this type 
of facility. 

One of the best means of awakening 
the public to a consciousness of its re- 
sponsibilities in sewage treatment is 
the age-old process of education—as to 
what sewage treatment is, how it per- 
forms, and what the problems are. 
Seldom does the result suddenly shine 
forth; generally the awakening takes 
place gradually, over a long period, 
and only as a result of much active 
salesmanship. 

Like charity, this edueation should 
begin at ‘‘home,’’ which in this case 
means the sewage treatment plant. The 
problem, of course, is to get the people 
you want to reach to visit the plant. 
Once that is accomplished the selling 
job should be comparatively easy. 

What one small plant operator does 
about visitation promotion is contained 
in a recent communication from W. L. 
Edwards, senior operator of the sewage 
treatment plant serving the State Hos- 
pital at Gowanda, N. Y. Said Mr. Ed- 
wards: 

“Personally, I am a great believer in try- 
ing to educate the public in the advantages 
of sanitation, particularly that phase con- 


cerning sewage treatment. Most people 
think of sewage treatment as consisting of 
just a couple of holes in the ground with a 
smelly atmosphere, and therefore shy away 
from visiting the plants. 

“As a means of getting people to visit 
this plant I have sent out letters to the 
schools, the youth organizations, and the 
several civie organizations. This has been 
done through the cooperation of the diree- 
tor and business officer of the hospital, who 
is in accord with the basic idea. 

“The results are apparent in the many 
people who visit the plant, and the com- 
paratively large proportion who are amazed 
that the water leaves the plant in such good 
condition and that the gas from sludge 
digestion can be utilized for heat and power. 

“Each month a group of the hospital em- 
ployees visits the plant and inspects the dif- 
ferent operations. Every three months dif- 
ferent hospitals in Buffalo send their stu- 
dent nurses to this hospital for a course in 
mental hygiene and care of the patients. 
These affiliated students visit the plant as 
part of their course. The Boy Scout and 
Girl Scout troops of the surrounding ter- 
ritory also visit the plant periodically, as 
do other civie and service groups. 

“Once people have visited the plant they 
tell others about it and arouse their interest. 
I try to point out to each visitor the value 
of sewage treatment as it affects the health 
and future of himself and his children. I 
take a great deal of pride in the plant and 
its proper functioning and appearance, and 
deem it a pleasure to conduct people through 
it, explain it to them, and answer their 
questions. Visitors are always welcome at 
the plant, which is clean and efficient and 
a satisfactory place to bring men, women, 
and children for an instructive inspection, 
complete in all details.” 
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By Unt T. MANN 


Superintendent, Ley Creek Sewage 


Although the digestion of sludge is 
a rather intricate and complex process, 
its control is relatively simple if the 
factors controlling the are 
maintained in the proper balance. 
With proper control and with the ab- 
sence of inhibiting materials it is al- 
most impossible to stop the process. 

This discussion deals with one of the 
most troublesome operating problems 
encountered with digestion in separate 
units, namely the formation of top 
scum. A complete description of the 
process, as well as discussion of the 
design factors and equipment usually 
incorporated in a digestion unit, is be- 
yond the scope of this paper. 

The top scum to which this paper 
has reference is the type that reaches 
a depth of 3 to 5 ft. and acquires a 
consistency which makes it impossible 
to be moved by pumps. This condition 
is not universal, but appears to be a 
serious problem in many plants em- 
ploying separate digestion units. 

The presence of scum at the top level 
of digesters presents the following 
problems: 


process 


1. Loss of capacity. 

2. Increased cost of operation. 

3. Danger of damage to the strue- 
ture in the event that scum prevents 
normal overflow of the digester. 


Scum Problem is Man-Made 

Today there are several mechanical 
devices that are helpful in controlling 
the scum problem; but none of these 
devices eliminates the condition. In 
fact, after many years of operation ex- 
perience with digesters at the Ley 
Creek sewage treatment plant in Syra- 
euse, N. Y., the author is thoroughly 


* Presented at 1953 Annual Meeting, New 
York Sewage and Industrial Wastes Assn.; 
New York, N. Y.; January 22-23, 1953. 


Treatment Plant, Syracuse, N. Y. 


convineed that the scum problem is 
man-made. The digesters at this plant 
comprise four 30,000-cu. ft. tanks with 
fixed covers and a 15,000-cu. ft. gas 
holder with floating cover. 

The Ley Creek plant experienced 
difficulty for a 9-year period, during 
which ground screenings and scum 
were pumped to the digesters. In two 
years the scum would reach a depth 
of about 4 ft., necessitating dewatering 
of the tank and removal of the ae- 
cumulated scum to restore capacity 
needed for normal operation. 

In each instance it was necessary to 
break up the scum with high-pressure 
water from a hose before it could be 
pumped. In many plants the top 
sludge is often a mass of ground screen- 
ings, grease, and raw sludge; at the 
Ley Creek plant it was a mass of 
screenings, grease, and digested sludge. 
Apparently the discharge velocity car- 
ried the scum-forming material down 
into the tanks so that it carried par- 
ticles of digested sludge with it as it 
rose to the surface. This condition 
should have aided digestion of the 
scum, but apparently the scum-forming 
material was not in suitable size and 
shape to permit proper seeding of 
scum material. 

With regard to this condition it 
would be well to point out that the 
success of any decomposition process 
depends on intimate contact of the 
bacteria and other microorganisms 
with the sewage solids providing their 
source of food. For example, aerobic 
decomposition in aeration tanks is more 
rapid than anaerobic decomposition in 
a digestion tank because the rather 
violent agitation in an aeration tank 
insures far greater contact of the or- 
ganisms with the organic material pro- 
viding their food supply. It is very 
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difficult to provide intimate contact of 
bacteria with materials in the form of 
heavy scum. 

The materials that are normally 
caught on a bar sereen and are ground 
or cut up by some means, never ap- 
proach the minute size of normal or- 
ganic solids macerated by long periods 
of travel in sewers. 

Grease removed with scum collects 
at the top of digesters, making it diffi- 
cult to have intimate contact with the 
methane-producing organisms. Stud- 
ies on pilot digesters some years ago 
showed that grease digested quite read- 
ily, but a mixture of grease and ground 
screenings required twice as long for 
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digestion. In addition. materials like 
rags, hair, straw, and small pieces of 
wood never digest in a normal cycle 
and must eventually be removed from 
the digesters. Another item that has 
added to scum troubles has been the 
increased use of paper towels by in- 
dustrial plants. This type of paper 
requires a considerably longer digestion 
period than do toilet and facial tis- 
sues, 


Screenings Increase Digestion Time 


Rudolfs (1) reported that screen- 
ings were successfully digested at Mil- 
waukee, Wis., on a 40-day schedule. 
The required digestion capacity was 


FIGURE 1.—Incinerator at Ley Creek plant burns screenings and primary settling tank 


skimmings. 


Charging openings are on floor above. 
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FIGURE 2.—Dual-fuel burners use sludge gas, oil, or both to fire incinerator. 


estimated at 1 gal. per capita. On this 
basis the Ley Creek plant would re- 
quire 14,000 cu. ft. of additional ea- 


pacity. It is of interest to note that 
during the period of scum troubles at 
Ley Creek the loss of digestion ca- 
pacity due to scum amounted to about 
16,000 cu. ft. Even with added ca- 
pacity, there still would remain the 
problem of removing from time to 
time the materials that never digest. 
The same studies showed that although 
properly seeded activated sludge di- 
gested at 70° F. in 30 days, replace- 
ment of 10 and 20 per cent of the 
sludge volume by screenings increased 
the digestion period to 35 and 40 days, 
respectively. 


The studies at the Ley Creek plant 
showed that the digestion of sludge 
with screenings and grease required a 
longer period than for sludge alone. 
Also, the gas produced with screenings 
and grease was greater, but the volume 
of gas produced per pound of volatile 
matter was lower than 
alone. 


with sludge 
The most pertinent fact in the 
Ley Creek studies was the loss of ea- 
pacity due to the building up of a 
heavy layer of scum, which reduced 
the active capacity of the unit. 

It is not intended to imply that 
sereenings and grease should not be 
digested, but to point out that because 
of their nature it is extremely difficult 
to ereate the proper environmental 
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temperature and to get proper mixing 
and seeding. If screenings and greases 
could be reduced to the size and shape 
of the majority of organic sewage sol- 
ids, and kept in suspension in a diges- 
tion unit, there is no doubt that a 
normal digestion cycle might be ex- 
pected. 


Remedial Measures 


During the past four vears no screen- 
ings or skimmings from the primary 
tanks have been pumped to the di- 
gesters. At present there appears to 
be about 1 ft. of scum, which is quite 
soft and pliable and which can be 
pumped. 

At the beginning of this program 
the only method of disposal of screen- 
ings and skimmings was by burial. 
This method is cumbersome and ex- 
pensive, requires considerable area, and 
is most difficult in freezing weather. 

During a recent construction pro- 
gram an incinerator (Figure 1) was 
installed for burning screenings and 
skimmings. The specifications called 
for capacity to incinerate to complete 
combustion sewage screenings of ap- 
proximately 90 per cent moisture con- 
tent at the rate of 1,000 lb. per hour. 

The incinerator was equipped with 
dual-fuel burners to burn gas, oil, or 
any combination of both fuels. The 
present operating program is to pre- 
heat with gas, use oil with gas to fa- 
cilitate burning, and then to use gas 
alone to complete burning. The unit 
is operated three days per week, with 
4 to 5 hr. of burning time required 
per day. 
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The incinerator has proven to be an 
economical and simple means of dis- 
posing of screenings and primary tank 
skimmings. 

During 1952 the average monthly 
quantities of sereenings and skim- 
mings were 849 cu. ft. and 250 cu. ft., 
respectively. On the basis of sewage 
flow, these quantities amount to 5.2 cu. 
ft. of screenings and 1.5 eu. ft. of 
skimmings per million gallons. No at- 
tempt has been made to calculate the 
cost of destruction of this material. 
It might be of interest to point out 
that during 1952, 13,188 cu. ft. of 
screenings and skimmings were burned 
at a cost of $965.77 for fuel oil, plus 
additional use of surplus gas for the 
balance of the fuel required. 

If the current digester capacity of 
240,000 cu. ft. were operated with the 
same scum problems encountered at 
the plant 10 years ago, there would be 
a loss of 36,000 cu. ft. of digester ca- 
pacity, with a value of nearly $50,000. 

The digester scum control method 
outlined in this discussion is not pro- 
posed as a cure-all for everyone’s scum 
problems. Those who have none may 
consider themselves fortunate; for 
those who have, it is the purpose of this 
discussion to point out that at the Ley 
Creek plant an investment of $14,000 
for an incinerator has provided for 
simpler and more efficient operation, 
plus a saving of digester capacity 
valued at many thousands of dollars. 


Reference 
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INTERESTING EXTRACTS FROM OPERATION 
REPORTS 


‘*The ladder of job success is admittedly full of splinters; but they hurt most when 
you’re sliding down—not going up.’’—Anon. 
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General 


The Kenosha sewage treatment plant 
is designed for primary treatment of 
10 m.g.d. of sanitary and industrial 
wastes. Separate sludge digestion 
units and chlorination facilities also 
are provided. Approximately 90 per 
cent of the sewer system is combined. 

The daily average sewage flow in 
1952 was 16.23 m.g.d., or 60 per cent 
above the design flow. During the 
vear the maximum was 26.03 and the 
minimum 7.80 m.g.d. At a per capita 
consumption of 100 g.p.d., sanitary 
flow amounted to 5.55 m.g.d. The esti- 
mated industrial flow was 4.60 m.g.d. 
The remainder, 6.08 m.g.d., or 37 per 
cent of the total, was storm flow and 
ground-water infiltration, which was 
no doubt partially due to the extremely 
high water level in the Great Lakes 
during the period. 

Kenosha sewage is weaker than the 
average for cities with comparable 
sewer systems, presumably because of 
the character of the major local indus- 
trial wastes (metal fabricating and 
processing). The 1952 average for sus- 
pended solids was 121 p.p.m. and for 
B.O.D. was 115 p.p.m., as compared 
with generally accepted values of 200 
and 180 p.p.m., respectively. As the 
flow has increased during the past few 


12th Annual Report of the Kenosha, Wis., Sewage Treatment Plant 
for the Year 1952 


By Frank I. VILeN, Superintendent 


Attention operators. It will be appreciated if copies of all annual reports of both large 
and small plants are sent to the Federation office for abstracting in this section of the 
Journal. Carbon copies of typewritten reports will be promptly returned on request. 
Please direct annual reports to: Federation of Sewage and Industrial Wastes Associa- 
tions, Room 325, Illinois Bldg., Champaign, Il. 


years the suspended solids concentra- 
tion has decreased. A similar trend is 
apparent in B.O.D., except in the past 
two years, which showed an increase. 
Dilution by lake and ground water 
may account for the weak character of 
the Kenosha sewage. 

The year 1952 was marked by ex- 
tremes in temperatures and precipita- 
tion. Total precipitation was about 
2 in. more than the average. July 
was the wettest on record, with 5.66 
in.; October was the driest on record, 
with only 0.03 in. Average tempera- 
tures were about normal throughout 
the year, with the annual mean at 
46.3° F. The hottest day (104° F.) 
was in July and the coldest (— 9° F.) 
in January. Temperatures above 90° 
Fk. were recorded on 23 days; below 
zero temperatures occurred on 4 days. 

Treatment efficiencies continue to be 
good as compared to acceptable stand- 
ards for primary treatment. It is in- 
teresting to note that total sludge sol- 
ids removed increased only 7 per cent 
over 1951, whereas the flow increased 
11.6 per cent. 


Industrial Wastes 


Because of the high copper content 
of the sewage, regular determinations 
of toxic copper concentrations are made 
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on raw sludge and digester contents. 
Measured as dry solids, copper in the 
digesters averaged 0.37 per cent in 
1952 and 0.44 per cent in 1951. A 
close check is maintained for evidence 
of eyanides, chromium, and other sub- 
stances that may be toxie to treatment 
processes. Copper compounds remain, 
however, the major inhibitory  sub- 
stances received at the plant. 

TABLE I.—-Summary of 1952 Operation Data 


for the Kenosha, Wis., Sewage 
Treatment Plant 


Item Average 

Rainfall (in.)..... 31.05 
Sewage flow (m.g.d. . 16.23 
Pop. served (est.)....... . 55,500 
Grit removed (cu. ft./m.g.). 0.35 
Susp. solids (p.p.m.): 

121 

Effluent... 56 

Reduction (&%).. 54 
Sett. solids (ml., 1.): 

Influent 1.34 

Effluent 0.08 

Reduction (% 94 
pH: 

Influent.. . 7.4 

Effluent 7A 
B.O.D., 5-day (PP p.m. 13 

Influent...... 115 

Effluent 51 

Reduction (%).. 55 
Chlorine demand (p. p.t m. ): 

Raw sludge data: 

To primary (gal./day) ... 6,440 

To secondary (gal./day)........ 6,450 

Solids (%).... 8.73 

Dry solids (Ib./day) 9,430 

Vol. solids (%). 58.3 

pH. ; 6.8 

Grease (%)..... 23.1 
Dig. sludge data: 

Solids (%).. 17.2 

Dry solids, tot: il (tons) : 698.3 

Vol. solids (%)... 43.9 


Grease (%)..... 13.5 
Sludge gas data: 


Gas produced, total (m. eu. ft.). . 11.805 
Per m.g. sewage (cu. ft.)....... 1,990 
Per Ib. dry sol. (cu. ft.)........ 3.42 
Per lb. dry vol. sol. (cu. ft.)..... 5.94 
Per cap. daily (cu. ft.). . 0.56 
Supernatant: 
Vol. matter ([%). 54.6 


Operating cost we 
Total. . .. 66,143.88 
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Gas Production 


Total sludge gas produced in 1952 
was slightly more than in the previous 
year. On a unit basis, however, less 
gas was produced. In 1952, 5.94 cu 
ft. of gas was produced per pound of 
dry volatile solids added. This com- 
pares with 6.31 cu. ft. in 1951. The 
demand for pumping and heating was 
greater, and 95 per cent of the total 
gas production was utilized. The sup- 
ply fell far short of the total require- 
ments and it was necessary to pur- 
chase 3,400,000 cu. ft. of natural gas 
to make up for the deficiency. 


Enzyme Experiment 


A ‘‘bottle digester’ experiment was 
carried on over a period of 20 weeks 
to determine the effect of an enzyme 
product on digestion. Two experi- 
mental units were used, with both being 
fed equal amounts of the same raw 
sludge daily in proportion to plant- 
scale feedings. The enzyme prepara- 
tion was fed to one of the digesters as 
recommended by the manufacturer. 
Gas production was measured daily by 
water displacement. 

At the end of the experiment, the 
contents of both digesters were ana- 
lyzed (a) separately as supernatant 
and sludge, and (b) after thorough 
mixing, as a composite of the contents. 
The raw sludge averaged 6.96 per cent 
total solids, of which 60.1 per cent 
were volatile. Results of the experi- 
ment were as follows 


| Vol. | Total Pa | Vol. 
Sample | up.) | Solids | Solids | Solids | pH 
| (ml. (c7.) 
Control: | 
Supernatant 4,820 | 0.985 | 0.945 | 56.5 | 7.3 
Sludge 4,640 | 20.38 | — | 42.3 | 7.3 
Composite 9,460 | 11.29 |; 41.4 17.3 
Enzymes added : | 
Supernatant 4,640 047 | 0.31 64.0 | 74 
Sludge 14.720 | 19.35 | 40.8 | 7.35 
Composite 7.64 39.6 | 74 


| 9.360 
| | 


This experiment was made to check 
the very attractive claims made for 
the product as an aid to digestion. Its 


4 
4 
: 
: 
: 
| 
4 
3 


736 


high cost, however, precluded any use 
on a plant scale without some pre- 
liminary investigation. Particular in- 
terest was centered in improving gas 
production to reduce operating costs. 
Apparently use of the enzymes does 
aid digestion to some small degree as 
measured by the reduction in volatile 
matter; gas ‘production was 9.98 cu. 
ft. per pound of volatile matter in the 
control digester and 10.47 cu. ft. with 
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the additions of the enzyme produce. It 
is understood, of course, that no defi- 
nite conclusions can be made from one 
experiment of this kind. On the basis 
of this one experiment, however, the 
value of the 5 per cent increase in gas 
production does not warrant the cost 
of this material for use on a plant 
scale. 

Operating data for 1952 are sum- 
marized in Table I. 


Annual Report of Operation of the Delaware (Ohio) Sewage Treatment Plant 
for the Year 1951 


By L. T. Hagerty, Superintendent 


The year 1950 having been none too 
successful from a sewage treatment 
standpoint, due to the high concentra- 
tion of industrial wastes received at 
the sewage plant, completion of the 
Ranco * waste treatment plant was anti- 
cipated during 1951. 

High river stages resulted in shut- 
down of the municipal plant on all but 
10 days in January and 16 days in 
February, providing opportunity for 
cleaning both Imhoff tanks. Internal 
inspection of both tanks showed them 
to be in excellent condition considering 
their age. 

After being in operation only a few 
weeks, the Ranco waste treatment plant 
had to be shut down, due to failure of 
the paint lining in a tank on the acid 
side of their plant. This, of course, 
added to the load at the sewage plant 
and upset its functioning on the days 
it was able to operate. 

Correction of the trouble at the 
Ranco plant during March enabled re- 
turn to more or less normal operation. 
In May, however, a further breakdown 
necessitated addition of lime to the raw 
sewage to neutralize the acid waste re- 
ceived from Ranco during a 5-day pe- 
riod. Another 2-day breakdown re- 
quired raw sewage liming again in 
June. 


*See THis JOURNAL, 23, 11, 1429 (Nov., 
1951). 


In July, lime, chlorine, and sodium 
nitrate were added to the filter influent 
in an effort to relieve ponding and to 
improve bacterial action, which had 
been almost at a standstill. Sloughing 
after about 5 days indicated some 
favorable results. 

No digestive action was apparent in 
the Imhoff tanks until mid-October, 
with only a slight increase in gas action 
noticeable even at the end of the year. 
TABLE II.—Summary of 1951 Operating 


Data for the Delaware, Ohio, 
Sewage Treatment Plant 


Item Average 

Sewage flow (m.g.d.)............ 0.886 
Susp. solids (p.p.m.) : 

B.0.D., 5-day (p.p.m.) 

pH : 

Total solids (p.p.m.) : 

Diss. oxygen (p.p.m.) : 

4.4 

Operating cost ($): 
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During this period, however, bacterial 
action in the filter seemed to be increas- 
ing. The low removals of suspended 
solids and B.O.D. by the plant are as- 
eribed to the metals received in the 
Ranco wastes, which during the year 
showed the following analysis: 


Monthly Av. Daily 

Item Av., 

8 mo 
Max. | Min. | Max. | Min. 
Flow (m.g./mo.) 1.847 | 2.149 | 1.452} — — 
Chromium (p.p.m.) | 2.1 4.1 0.5 8.25) 0.1 
Copper (p.p.m.) 2.89 4.1 0.03 | 11.2 0.0 
Cyanide (p.p.m.) 0.42 1.1 0.2 10.2 0.0 
Nickel (p.p.m.) 0.56 | 2.0 8.0 Tr. 
pH 9.2 98 8.7 10.7 | 6.3 


For more than a year after the 
Monticello, N. Y., sewage treatment 
plant was placed in operation, trouble 
was experienced with pumping of pri- 
mary sludge. Because of being unable 
to tell the condition of the sludge be- 
ing pumped, it was almost impossible 
to know how much of the material 
being pumped to the digesters was 
sludge and how much was sewage. 

The situation also had other dis- 
concerting aspects. For example, ef- 
forts to keep the volume of sewage 
introduced into the digesters at a 
minimum from time to time resulted 
in insufficient sludge pumping. This 
caused the sludge to become so heavy 
that it plugged the primary settling 
tank sumps, necessitating draining of 
the tanks and a messy job of sludge 
removal. 

In this plant sludge from the pri- 
mary and secondary settling tanks 
flows by gravity to a pair of inter- 
changeable sludge pumps in the operat- 
ing building. From here it is pumped 
to the digesters, which are on a hill 


GLASS SLUDGE ELBOW 


GLASS ELBOW ELIMINATES SLUDGE PUMPING 
GUESSWORK 


By Henry J. 
Superintendent, Sewage Treatment Plant, Monticello, N. Y. 
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Removal of the Ranco metals by 
treatment in that company’s plant 
probably will improve operation of the 
municipal plant by allowing near-nor- 
mal digestion in the Imhoff tanks and 
better filter efficiencies. An attempt to 
reduce upsets caused by by-passing of 
Ranco wastes directly to the municipal 
plant without treatment is being made 
by installation of a lime feeder dis- 
carded from the water treatment plant 
and re-installation of a chlorinator that 
has not been in use for several years. 

The 1951 operating data are sum- 
marized in Table II. 


400 ft. away and at a head of 36 ft. 
All piping is of 6-in. diameter cast 
iron. 


Glass Pipe Suggested 


To remedy the situation, a local 
chemical engineer suggested installa- 
tion of a glass pipe section, which 
would enable observation of the sludge 
during pumping. The arrangement 
apparently is not new, but is used in 
acid and other chemical plants. 

A letter to the Corning Glass Works, 
Corning, N. Y., brought a referral to 
a regional distributor of specialty glass- 
ware, who in turn sent a representative 
to the plant to determine if a glass pipe 
section was feasible. It finally was de- 
cided that the best place for the sight 
glass was at an elbow in the control 
building near the pumps. 

Pyrex glass pipe is made by the 
Corning firm in sizes from 1- to 6-in. 
inside diameter, in lengths up to 10 ft. 
Fittings also are available in 90° and 
45° elbows, tees, laterals, crosses, and 
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FIGURE 1.—Glass elbow in sludge piping permits operator to see condition of material 
being pumped to digester. 


U-bends for the same pipe sizes. In 
addition, the company furnishes the 
special flanges, bolts, and gaskets 
needed for the installation, which is 
simple and can easily be done by al- 
most anyone. 

In the Monticello case, the elbow 
needed was not of standard dimensions. 
However, Corning Glass Works made 
one up especially for the purpose (Fig- 


ure 1), at a total cost of $72. <A wire 
guard was installed to protect the glass 
fitting from damage by external shocks. 

Since installation of the sight glass, 
no guesswork is involved in sludge 
pumping. Not only is it possible to 
see the exact condition of the sludge 
being moved, but the observation also 
can be made inside the control building 
at a point near the pump controls. 
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New Britain, Conn. 


By JoHn R. SzyMAnsk1, Superintendent 


March 4—Every once in a while the 
suppliers of ferric chloride find them- 
selves rushed, and the supply of ferric 
chloride becomes scarce. After anx- 


iously waiting for a shipment we dis- 
covered that it had been routed to 
cover 500 miles more than necessary, 
thus the delay. The spirit of coopera- 


; 
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tion seems to prevail amongst most plant 
superintendents, and I find a phone 
call will arrange a loan of materials— 
thanks to Hartford and Waterbury. 
It’s mutual, of course, and the ma- 
terial is replaced as soon as possible. 
The State Department of Health called 
regarding an inspection of all sewer 
overflows—a sure sign of spring! 
March 5—Personnel morale has been 
at rock bottom because of the new 
compensation-classification plan (see 
THIs JOURNAL, 25, 2, 226; Feb., 1953). 
Obvious inequalities have shown up, 
which we hope to iron out eventually. 
It’s a task facing a sullen group each 
day and watching orders carried out 
half-heartedly. 

Signed final easement papers grant- 
ing the Hartford Electrie Light Com- 
pany the right to run a power line 
through the old sand filters along a 
150-ft. right of way. Real estate busi- 
ness—however, it fattened up our Re- 
pair and Renewal Fund quite a bit. 

The new 2,000-c.f.m. blower is in 
place, and quotations were requested 
today for the electrical work involved. 
March 10—After juggling schedules 
since January 1 trying to cover all 
shifts with the regular staff used on a 
48-hr. weekly schedule, it was decided 
that two more men in the labor class 
would relieve the strain of the new 
40-hr. schedule. Spent all morning 
interviewing prospective laborers. It’s 
odd to note the variety of qualifications 
possessed by a few of these men and 
to note the attitude some applicants 
have as compared to applicants of 10 
years ago. 

March 13—A complete check of all 
overflows was made this morning in 
conjunction with the State Health De- 
partment authorities. A special check 
also was made on the wastes discharged 
from the local general hospital, the 
special sample being checked closely 
for radioactive isotopes. 

March 14—The usual problem of grit 
prevails again. Some day, soon, we 
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hope we can ease this to a point of 
tolerance. 

Completed all contracts for chemical 
supplies for the next fiscal year. Sur- 
prisingly there was only a slight in- 
crease over the preceding year, caused 
mostly by increased freight rates. 
March 17—St. Patrick’s Day—all is 
green and O.K. This is a wonderful 
country ; for example, the mixed group 
of 18 employees at the plant is com- 
prised of Poles, Italians, Irish, Rus- 
sians, Germans, Lithuanians, and 
Ukrainians, and we still respect each 
others ‘‘special days.”’ 

After due deliberation it was decided 

that it would be more economical to 
turn in the 1948 Chevrolet dump truck 
and purchase a new one rather than 
overhaul the old one. Requests were 
sent out to five dealers in town for 
quotations on a new truck, 
March 18—<Accepted an invitation to 
participate in an industrial wastes 
forum at the Spring Meeting of the 
New England Sewage and Industrial 
Wastes Association. It’s amazing how 
much one learns in preparing to talk 
to others or teach others. 

The changeover from a 48-hr. work 
week to a 40-hr. work week seems to 
keep popping up all around; Walter 
Anderson, Superintendent of the plant 
at Cranston, R. I., sent in a request for 
our schedule make-up in order to com- 
pare. 

March 19—The steam boiler insurance 
company inspector gave our heating 
system its annual inspection. A 35-lb. 
pressure relief valve had to he changed 
to a 25-lb. one on one of the spare hot- 
water tanks. Otherwise, everything 
was O.K. 

March 21—UWsual operations. By 
‘‘usual,’? we don’t mean normal; at 
present ‘‘usual’’ means handling a 50 
per cent overload in flow, ete. 

After correcting an existing dis- 
crepancy in the meter readings of the 
Kensington Fire District, we were able 
to bill it for services for the past year. 
Kensington and Berlin are towns ad- 
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jacent to New Britain, and arrange- 
ments are such that New Britain has 
agreed to treat the sewage from these 
towns on a cost basis. A power factor, 
determined at the pumping station, is 
applied to the monthly power readings 
to determine the quantity of sewage 
pumped to New Britain for treatment. 
March 24—Spent a balf day with the 
auditors, who were spot-checking the 
city payrolls—it’s an annual occur- 
rence. 

March 28—The new  2,000-c.f.m. 
blower is finally ready for operation. 
This unit was installed to replace two 
original 500-c.f.m. blowers that just 
simply worked themselves to death on 
a work schedule of 24 hr. per day for 
16 years. 

March 29—F or the sake of review, a 
lubrication engineer from one of the 
major oil companies was called in to 
discuss our complicated lubrication 
program. 

April 4—It was decided to purchase 
another new blower. This one is to be 
similar to the original—namely, a 500- 
e.f.m. unit—thus giving us one 2,000- 
e.f.m. and two 500-c.f.m. units, and 
doubling the air available for treat- 
ment. 

April 9—The plant group does its part 
in keeping abreast of community ac- 
tivities. For example, today a repre- 
sentative was delegated to the Cancer 
Fund drive committee. 


April 10—An interesting communica- 
tion was received from England this 
morning. An operator, Mr. Zboinski, 
after reading a summary of the New 
Britain sewage treatment plant’s oper- 
ation in the JouRNAL decided that he 
could seek counsel from us on one of 
his pet projects; namely, the question 
of sludge disposal. In his letter he 
also enclosed some excellent drawings 
covering his ideas. After looking them 
over and consulting with other men 
in this field, the prints were returned 
to Mr. Zboinski with constructive com- 
ments. 
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April 29—A general review and study 
of the existing employee classification 
and compensation plan is being made 
in an effort to equalize the various 
classes pertaining to the plant em- 
ployees. This is being done by the 
Commission and the Civil Service per- 
sonnel director. It is believed that the 
revision will be fair and help maintain 
a high standard of employment at the 
plant. 

A pleasant duty was performed to- 
day in attending the annual Connecti- 
cut State Sewage Operators’ Forum, 
conducted by the State Department of 
Health at Hartford. 

April 30—The committee trying to 
set up a Short School for sewage plant 
operators at the University of Con- 
necticut met today. It seems, from 
all reports, that an air of procrastina- 
tion exists in most communities on 
this matter. 

May 8—One of our top-notch opera- 
tors resigned today. After 15 years 
of sewage work, he decided to enter the 
private vacation resort business in 
Maine. 

Professor C. Meyer, from Worcester 
Polytechnic Institute, brought a group 
of his sanitary engineering students to 
the plant for their annual visit. 

May 15—The annual report for the 
year 1951-2 was completed today and 
is in the mail. This brought the sud- 
den realization that another year has 
gone by. 

May 22—Skeleton crews at work— 
the New England Sewage and Indus- 
trial Wastes Association meeting was 
being held in Waterbury. With the 
meeting that close, all hands that pos- 
sibly could do so were in attendance. 
June 5—Each extra available man- 
hour is being used as a ‘‘paint-hour”’ 
at the plant. In previous years the 
painting program was spread out dur- 
ing the entire year. However, with 
the 40-hr. work week, time off for 
holidays, and a two-week vacation pe- 
riod, it is difficult to maintain the 
old painting schedule. 
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June 10—The chlorinators were serv- 
iced extensively by the manufacturer. 
The units are fast becoming obsolete 
and it is believed that some thought 
should be given to their full replace- 
ment. 

June 13—The union steward suggested 
that plant employee grievances be 
handled by an employee grievance com- 
mittee of three, who will meet with 
the plant superintendent monthly to 
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discuss said probable grievances. The 
first such meeting was held today. It 
had some merit, but not as much as 
anticipated. 

June 17—A state-wide air raid drill 
was held today. As a result of our 
100 per cent participation in this drill 
We uncovered many details which 
should be corrected for the future— 
just in case. 


Superintendent and Assistant Superintendent, respectively, 


This article is a brief recounting of 
experiences with digester recirculation 
at the Aurora, IIl., treatment plant 
that practically amounts to a sewage 
plant detective story. 

It was believed that the low gas re- 
turns of the years 1950, 1951, and the 
forepart of 1952, averaging 31,000 cu. 
ft. per day, might be increased if a 
sludge recirculating pump was applied 
to the primary digester. This belief 
was based upon the following possible 
advantages : 


1. Mixing of the ‘‘seed’’ sludge with 
the raw incoming primary sludge. 
~ 2 Reduction of seum layers, al- 
though scum was never a serious prob- 
lem. 

3. A more uniform total solids con- 
tent of the sludge transferred to the 
second-stage digesters. 

4. A more uniform 
throughout the digester. 


temperature 


Further arguments that favored ap- 
plying recirculation ineluded the fact 
that recirculation has been considered 
advantageous since before 1929 and 
most modern digesters now apply it in 


Aurora Sanitary District, Aurora, Ill. 


connection with external heat ex- 
changers. 

The Aurora plant has three fixed- 
cover digesters, each 50 ft. square and 
16 ft. deep. Each has a 41,500-cu. ft. 
capacity. Two are used as secondary 
digesters, the third being used as a 
primary digester and receiving all the 
primary sludge. All are heated by 
coils and a hot-water boiler system, 
so that the applied recirculation was 
independent of the heating system. 

The 350-g.p.m. recirculating pump 
was positioned outside the digester 5 
ft. above the digester floor and with 
the suction extending 5 ft. inside the 
center line of one wall. The discharge 
was carried just under the roof and 
within 5 ft. of the opposite wall. The 
digester contents were, therefore, re- 
circulated completely every 15 hr., or 
1.6 times per day. 

The new pump was placed in opera- 
tion July 2, 1952, and run continu- 
ously. Gas production in July aver- 
aged 41,650 cu. ft. per day, with a 
maximum daily production of 56,200 
eu. ft. on July 23. Gas production 
continued favorable through August 
13, averaging 44,000 cu. ft. with four 
days of the 13 better than 50,000 eu. ft. 
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The First Episode 


On August 14 gas production in the 
first-stage recirculated digester began 
to fall off from an average of 36,500 
eu. ft. to 1,300 eu. ft. on August 19. 
It remained at about this level for the 
remainder of August. 

At the time, the gas loss was assumed 
to be due to a toxie slug. Possibly this 
conclusion was reached because of the 
rapid drop in the gas volume. This 
resulted in a frantic laboratory search 
for the cause—in the best of sleuthing 
tradition. Analytical methods for de- 
termining cyanides, copper, and chro- 
mium were searched out and the tests 
applied. Many friends lent valuable 
aid, including the Chicago Sanitary 
District and the state laboratories, but 
to no avail. 

Aurora industries were examined as 
to their procedures and the Chamber 
of Commerce and the Manufacturer’s 
Association were questioned as to any 
new and unknown industries. How- 
ever, Aurora had no industries with 
a toxic waste other than the usual 
small plating operations. These had 
been operating for years and all were 
applying the usual and proper pre- 
cautions. In short, no copper, chro- 
mium, or evanide was found in suffi- 
cient amounts to explain the difficulty. 

Cyanides in the raw sewage ran 
from 0 to 1.14 p.p.m. and averaged 0.2 
p.p.m. Copper ran from 0 to 60 p.p.m. 
in the primary sludge on the wet basis, 
from 0 to 0.8 p.p.m. in the raw sewage, 
and from 14 to 40 p.p.m. on the wet 
basis in digester No. 1. During this 
period chromium was absent in the 
raw sewage, although the primary di- 
gester sludge showed 6.4 p.p.m. and the 
No. 3 digester sludge showed 1.6 p.p.m. 
No nickel was found. 

In the meantime, numerous tests for 
toxic waste had been run on 
liquors collected from various points 
on the interceptor system that might 
show sources of poison in various areas 
of the city where were located known 
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and possible sources of trouble. Noth- 
ing came of these efforts, however. 

Meanwhile, the pH in the primary 
digester dropped to a low of 5.9. The 
pH of the primary sludge ranged from 
5.9 to 8.5 and averaged 6.6, which was 
generally normal for primary sludge. 

The free ammonia in the primary 
digester ranged from 120 to 200 p.p.m. 
About August 30 the volatile acids in 
the ailing digester were 6,400 p.p.m. 
and the gas contained 59.6 per cent 
CO, and would not burn. By Sep- 
tember 12 the CO, content of the gas 
had returned to its normal 30 to 34 per 
cent. Volatile acids in the primary 
sludge varied from 550 to 2,240 p.p.m. 
At the time the relationship of the high 
volatile acids to the problem was not 
recognized. 

Remedial measures included liming 
the digester system, using a total of 
6,900 lb. of slaked lime, applied mostly 
to the primary digester. Also, 400 lb. 
of lump ammonium carbonate was ap- 
plied, 200 lb. to the primary and the 
rest to the secondary digesters. This 
restored the pH of the system to 6.5. 

The primary digester was emptied 
and cleaned out completely—once com- 
pletely and a second time partially. 
One of the secondary digesters was 
also partially emptied, on the theory 
of getting rid of toxie material, since 
by this time we were convinced that 
no fresh toxics were coming into the 
plant. 

Meanwhile, the primary sludge was 
distributed to the secondary digesters 
at the rate of 20 per cent in August 
and 44 per cent in September in an 
effort to maintain these two digesters 
as near normal as possible. The gas 
yield in September averaged only 
8,900 cu. ft. per day, the primary di- 
gester contributing 3.540 cu. ft., the 
No. 2 digester 680 cu. ft., and the No. 
3 digester 4,700 cu. ft. 

In October the digester system com- 
pletely recovered and 82 per cent of 
the primary sludge was returned to 
the primary digester. On October 1 
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the primary digester produced 6,300 
cu. ft.; by October 9 it was producing 
23,200 cu. ft.; and by October 11 the 
yield was 33,000 cu. ft., with a total 
of 51,200 cu. ft. for that day from 
the system. October 9 was 43 days 
after the trouble started in August. 
The month of October averaged 50,000 
eu. ft. of gas per day, with 17 days 
exceeding 50,000 cu. ft., and the maxi- 
mum days—October 23 and 29—pro- 
ducing 79,000 cu. ft. each. 

Thus terminated the worst low gas 
period in 22 years and we were still 
undecided as to the cause. We were 
convinced, however, that it was not 
due to toxic waste. 


The Second Episode 


Following the recovery of the sys- 
tem in October, gas production during 
November and December continued 
normal, averaging 49,000 cu. ft. per 
day. On January 12, 1953, however— 
95 days after the October recovery— 
the primary digester gas yield again 
declined, this time from 25,600 eu. ft. 
per day on January 12 to 4,500 eu. ft. 
on Jan. 19. This looked like a repeti- 
tion of the August trouble. Ever since 
the October recovery weekly tests for 
toxics had been run as a routine pro- 
cedure. None were found of trouble- 
some proportions. The cause had to be 
sought elsewhere. 

It will be recalled that the recireu- 
lation pump applied to the primary 
digester on July 2, 1952, had been 
run continuously on a 24-hr. schedule. 
This schedule had been under sus- 
picion, but not seriously until now. 
Tests for volatile acids in the primary 
digester showed amounts between 5,000 
and 6,000 p.p.m. This was strong evi- 
dence of overloading and lack of bal- 
ance. The digester, therefore, was im- 
mediately dumped on January 20 and 
reseeded from the No. 3 digester, filled 
with raw sewage, and placed back in 
service. In the meantime, the recircu- 
lating pump schedule was reconsidered. 
Instead of shutting the pump down 
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completely, it was decided to operate 
it on a 2-hr. schedule immediately 
after the addition of primary sludge. 
This change was on the assumption 
that continuous circulation, particu- 
larly during sludge additions, would 
tend to pass seed sludge to the sec- 
ondary digesters. Very possibly more 
seed sludge was passed to the secondary 
digesters than the unsatisfactory samp- 
ling methods indicated. Also, although 
mixing of the fresh sludge with seed 
was beneficial, a rest period was advis- 
able. Accordingly, on January 31 the 
pump schedules were changed to three 
periods during the day when the pump 
was operated for 2 hr. immediately 
after primary sludge additions, inter- 
spersed with three rest periods of 2 
to 4 hr. 

This plan resulted in almost com- 
plete recovery and return to normal. 
The gas yields by February 4 were 
back to 42,500 cu. ft. per day. The 
February gas averaged 49,120 cu. ft. 
per day, with a high day of 63,600 cu. 
ft. and 15 days of gas yields above 
49,000 eu. ft. 


Some Observations 


These two experiences strongly sug- 
gested that the cause of the August, 
1952, trouble was misjudged and was 


TABLE I.—Monthly Average Primary 
Digester Loading 


Total Solids (Ib.) Vol. Matter (Ib.) 
Month 
Per Cu. Ft. Per Cu. Ft 
Dig. Cap. Dig. q 
Day | | Day | pe? 
1952: 
July 9,140} 0.220 | 5,500] 0.135 
Aug. 9,370 | 0.226 | 6,000] 0.145 
Sept. | 6,230] 0.150 | 4,200] 0.100 
Oct. 9,870 | 0.238 | 6,900; 0.166 
Nov 10,200 | 0.246 | 6,900; 0.166 
Dec. 9,100 | 0.218 | 6,100} 0.147 
1953: 
Jan 10,230 | 0.247 | 6,800} 0.163 
Feb. 9,310 | 0.224 | 5,900] 0.142 
Average 9,180 | 0.220 | 6,040) 0.145 
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really due to digester overloading and 
that too much recirculating, possibly 
at the wrong time, caused undue loss 
of seed sludge to the secondary di- 
gesters. They further suggest that the 
digester was too small for the loading 
and that the trouble might not have 
occurred had the digester capacity been 
larger. 

These experiences further re-empha- 
size the importance of volatile acids as 
a control test. In a normally operating 
digester, volatile acids should level off 
at about 800 p.p.m. and should not ex- 
ceed 2,000 p.p.m. During the January, 
1953, experience and until the recireu- 
lating pump schedule was changed, 
volatile acids ranged from 3,870 to 
6,500 p.p.m. in the primary digester. 
The pH ranged from 6.0 to 6.5. After 
the change of pump schedule on Janu- 
ary 31, volatile acids were run as a 
daily routine and ranged from 940 to 
2,040 p.p.m., with the pH ranging 
from 6.5 to 7.0. Digestion has since 
been normal. 

The immediate result of the study 
imposed by the August-January 
trouble was to show the need for a 
larger primary digester. In fact, its 
design and construction has already 
been officially arranged for. 

The supporting data include a con- 
nected population increase of from 
42,000 persons in 1931 to 60,000 in 
1953. Also, Tables I and II show the 
loadings received by the system from 
July 1, 1952, through February 28, 
1953. 

There are several yardsticks by 
which to judge the loadings on a di- 
gester other than cubic feet per capita. 
One such yardstick is stated to be 3 
lb. of total solids per eubie foot of di- 
gester capacity per month. This is at 
the rate of 0.10 lb. per cubic foot per 
day. It will be noted that the Aurora 
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TABLE II.—Average Primary Digester Loading 
on Days When Primary Sludge Solids 
Exceeded 10,000 Lb. 


Total Solids (Ib.) | Vol. Matter (Ib.) 
No. | 
Month of Per Per 
Days! Per Cu. Ft. Per Cu. Ft. 
Day |Dig. Cap.| Day |Dig. Cap. 
per Day per Day 
1952: 
July 9 |17,200! 0.415 | 9,620] 0.230 
Aug. 10 | 18,000} 0.425 | 9,940] 0.240 
Sept. 13 112,000} 0.290 | 7,700} 0.185 
Oct. 15 |12,400} 0.300 | 8,600) 0.204 
Nov. 14 | 13,300} 0.320 | 8,780} 0.210 
Dec. 10 | 12,980} 0.312 | 8,510} 0.205 
1953: 
Jan. 9 | 15,700} 0.378 | 9,060) 0.218 
Feb. 6 | 17,000} 0.410 | 9,500} 0.230 
Average} 11 | 14,820) 0.356 | 8,950} 0.215 


1 Days in month when total solids received 
by the digester amounted to 10,000 Ib. or more. 


primary digester, for the 8-month pe- 
riod (Table II), carried a loading of 
0.356 lb. per cubie foot per day for 
35 per cent of the time, inasmuch as on 
86 of the 243 days the load applied to 
the primary digester averaged 14,820 
lb. per day. 

The authors consider this a typical 
‘*Operator’s Corner’’ story, in that it 
reports an experience that may be of 
deeper significance than is apparent on 
the surface. The ‘‘case’’ has been de- 
scribed in detail in the hope that it 
may contain helpful suggestions for 
others and, more particularly, because 
so little information concerning similar 
problems could be found in the litera- 
ture. No claim is made that the hap- 
penings have been correctly inter- 
preted or that the conclusions reached 
are sound. It is hoped, however, that 
others may be encouraged to discuss 
the matter in the light of their own 
experiences and thereby add to the 
total knowledge of the subject. 
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Natural (ly) 


Cleaning of the primary digester at 
Camp Callen, Calif., was recently car- 
ried out by the pumping station crews 
operating from the San Diego sewage 
treatment plant. According to the 
_ Quarterly Newsletter of the California 
Sewage and Industrial Wastes Associ- 
ation, 2 cu. yd. of sand and 18 pairs of 
dice were removed. 

Is further proof needed that diges- 
tion is only a gamble? 


Scaffold Safety Hints * 


1. Erection and removal of scaffolds 
should be done only by experienced 
workmen. 

2. All lumber used for scaffolding 
and accompanying platforms should be 
of spruce, fir, or long-leaf yellow pine. 
The material should be sound, straight- 


* Adapted from ‘‘ Your Guide to Safety in 
the Plumbing, Heating and Ventilating 


Trades,’’ published by the Accident Preven- 
tion Department, Association of Casualty and 
Surety Companies, New York, N. Y. 


TIPS AND QUIPS 


TIPS AND QUIPS 


TABLE I.—Safe Center Loading (in Pounds) for Planks':?.*. 4.5.6 


grained, and free from shakes, large 
knots, or other defects. 

3. Diagonal bracing should be pro- 
vided to prevent upright posts from 
swaying or moving in any direction. 

4. Free-standing independent pole 
scaffolds should have a minimum base 
dimension of not less than 25 per cent 
of the scaffold height. 

5. Guardrails and toe boards should 
be installed along the edges of all scaf- 
fold platforms 10 ft. or more above 
ground, excepting platforms covering 
the entire floor space in rooms or build- 
ings, or on platforms where life belts 
or life lines are furnished and used. 

6. All planking used for platform 
purposes should be tested before being 
placed in use by setting one end of the 
plank on a 12-in. rise and jumping on 
it at the center point. Safe center 
loading for planks is given in Table I. 

7. The clear span of platform planks 
between supports should not exceed 8 
ft. when planks 2 in. thick and 8 in. 
wide are used and this arrangement 
should be for only light-duty work. 
For heavy-duty work, the support 


Span 3x8 3x10 3 x12 
(ft.) Dressed to Dressed to Dressed to Dressed to Dressed to ressed to 
X 94 1§ X 114 2t x74 xX 93 xX 11h 


610 775 
8 170 210 260 450 570 690 
10 130 165 200 355 450 540 
12 105 130 160 285 365 440 
14 80 130 235 305 365 


16 


200 255 


Agriculture. 


‘As recommended by the Forest Products Laboratory, Forest Service, U. 8S. Dept. of 


? Douglas fir, Sitka spruce, white spruce, red pine, and Port Orford white cedar, based on 


extreme fiber stress of 1,300 Ib. per sq. in. 


5 Safe center loading for other types of wood may be calculated by multiplying the safe load 
shown by the constant for type of wood as listed in Table II. 

‘ Values are for planks surfaced on four sides, seasoned, free from shakes, decay, and other 
defects such as large knots in edge or center of wide face of the plank. 

5If the planks have been subjected to wetness for prolonged periods the values given are 


reduced. 


6 The table allows the average 30 lb. per cu. ft. for the weight of the planks. 
shown are the actual pounds which may be placed at the center of the plank. 


The values 
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TABLE II.—Loading Constants for Various 
Woods! 


Fiber Stress) Con- 
Ib. /sq. in.)| stant 
| 


Species 


Balsam fir, ponderosa pine, 
sugar pine, and western 
white fir 1,050 

Tamarack 1,400 

White ash, red oak, white | 
oak, and bald cypress 

Douglas fir (coast region) and 
southern yellow pine 

Dense Douglas fir and dense 
southern yellow pine 


1,500 
1,750 


2,050 


| 


! For use with values in Table I. 


points should be placed at 6 ft. inter- 
vals when 2-in. by 8-in. planks arp in 
use. The platform shall not be less 
than 20 in. wide. 

8. Any platform or scaffold that was 
erected for use by others should be 
thoroughly examined to determine its 
fitness before being worked on. 

9. Runways or ladders should be 
erected to platforms that are 5 ft. or 
more in height. 

10. Don’t jump from scaffolds or 
platforms. 

11. Don’t stand on railings of barri- 
cades. 

12. Don’t remove protection guards 
or barricades without replacing them 
as soon as possible. 


Waste Sludge Gas Used to Heat 
Large Municipal Garage 


Faced with the double problem of 
(a) maintaining comfort heating in a 
large municipal and storage garage 
where winters are severe (—20° F.), 
and (b) reducing maintenance costs 
caused by corrosion, the City of Austin, 
Minn., utilized waste sludge gas from 
the adjacent sewage treatment plant in 
a large warm-air space heater having 
a stainless-steel combustion chamber. 


Heating of the structure had previ- 
ously been accomplished by small sus- 
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pended unit heaters. These, however, 
had required constant maintenance be- 
cause of the combustion chamber corro- 
sion resulting from the sulfide content 
of the fuel used. Besides the large heat 
losses resulting from the type of con- 
struction (one-story brick and steel of 
7,600-sq. ft. area), additional large heat 
loss is occasioned by frequent opening 
of the large doors to permit passage of 
trucks and heavy equipment. The 
many windows also inerease the heat 
loss. 

The unit was installed in an 
inverted position in the roof trusses. 
This not only saved floor space, but also 
simplified the partial ductwork serving 
the office, lunch room, and locker room. 
The inverted overhead position also 
minimizes heat losses through the roof, 
as the warm air rising to the roof is re- 
heated and discharged downward into 
the garage area. 


new 


Esquire’s “Sludge and Sanctity” 


What is probably the strangest story 
ever told about sewage is an article 
entitled ‘‘Sludge and Sanetity,’’ by 
Aldous Huxley, in the June, 1953, issue 
of Esquire. The essay is a confused 
hodgepodge of history, religion, poli- 
tics, philosophy, and extremely per- 
sonal hygiene, engendered by visits to 
Hyperion Beach before and after con- 
struction of the new Los Angeles sew- 
age treatment plant. 

The author goes to considerable 
trouble to make his subject as unpleas- 
ant as possible, and to bury his theme 
in a rambling jumble of Esquirian 
language. One eventually gets the 
idea, however, that he is trying to say 
that sewage works such as that at Hy- 
perion are realistic symbols of a mature 
civilization. 

All in all, the whole piece is more 
dribble than sludge, and more drivel 
than sanctity. 
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Reviews and Abstracts* 


Systematic Analysis of Organic Industrial 
Wastes. By H. Braus, F. M. Mipp.e- 
TON, AND C. C. Rvucuuorr. Anal. 
Chem., 24, 1872 (1952). 

The industrial wastes from petroleum, 
synthetic rubber, naval stores, coke, and 
synthetic chemical plants can be analyzed 
so as to identify the various organic con- 
stituents of the waste. Some organic 
compounds are extracted with solvents, 
others with steam under various conditions 
of pH and salt concentration. The prod- 
ucts are identified by boiling point, in- 
frared analysis, and derivatives. 

R. 8. INGois 


Determination of Pyridine and Pyridine- 
Base Compounds in River Water and 
Industrial Wastes. By R. C. Kroner, 
M. B. Errincer, anp W. A. Moore. 
Anal. Chem., 24, 1877 (1952). 

Because of the taste produced by chlo- 
rinating pyridine in polluted waters, it 
was necessary to develop a_ sensitive 
analytical procedure. A modification of 
the well-known technique for determining 
cyanides provides a method which can 
detect 0.005 p.p.m. pyridine or related 
compounds. The color is developed by 
using benzidine and cyanogen bromide in 
a neutral solution; the final step of re- 
action takes place in butyl alcohol, and 
the color intensity is measured in the 
butyl alcohol. Many factors affecting 
the color development are reported. 

R. 8. INGous 


Study of Chromium Toxicity by Several 
Oxygen Demand Tests. By R. 53. 
GOLs AND E. Kirkpatrick. Anal. 
Chem., 24, 1881 (1952). 

The data show that the toxic level of 
chromium is controlled by the valence of 
the chromium, the type of organism, the 
amount of organic matter present, and the 
presence or absence of oxygen. The 


chromate is much more toxic under 
anaerobic conditions than the chromic 
ion, whereas, in general, the chromic ion 
is more toxic under aerobic conditions 
than the chromate ion. The chromate 
ion is reduced at low concentrations under 
anaerobic conditions. R. 8S. 


Determination of Microquantities of Io- 
dine in Water Solution by Ampero- 
metric Titrations. By H. P. Kramer, 
W. A. Moore, anp D. W. BaLuincer. 
Anal. Chem., 24, 1892 (1952). 

Iodine can be determined with a high 
degree of precision and accuracy by the 
amperometric instrument. It must be 
remembered, however, that iodine itself 
is unstable because of the formation of 
iodide and iodate ions, so that much care 
must be used. R. 8. InGots 


Determination of Copper Ion by a Modi- 
fied Sodium Diethyldithiocarbamate 
Procedure. By C. A. Nout anp L. D. 
Betz. Anal. Chem., 24, 1894 (1952). 
The interference of iron, zinc, and lead 

is eliminated from the “Standard Meth- 

ods” procedure. The concentration of 

diethyldithiocarbamate is reduced to 1 

per cent of that previously recommended | 

while diluting the ammonia reagent. 

Good accuracy and precision is possible 

with the copper and the new, weaker 

reagents. R. 8S. InGots 


Biological Analyses of Water and Condi- 
tions for Its Use. By Karou Srar- 
MACH. Gaz, Woda i Tech. Sanit. (Po- 
land), 26, 9, 250 (1952). 

Biological analyses should be required 
for the proper interpretation and evalua- 
tion of the sanitary state of any surface 
waters, and should be made in conjunction 
with the requisite chemical and biological 
analyses. Due to a lack of knowledge on 


* Please send to Federation headquarters all periodicals, bulletins, special reports, etc., which 


might be suitable for abstracting in Tuts JoURNAL. 


Publications of public health departments, 


stream pollution control agencies, research organizations, and educational institutions are par- 


ticularly desired. 


325 Illinois Bldg., Champaign, IIl. 
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the part of water technologists, because 
of difficulties in the identification of the 
various organisms comprising the flora 
and fauna of the stream, and because of 
difficulties in the interpretation of the 
findings, biological analyses have not re- 
ceived sufficient attention. In order to 
develop a program in the biological analyt- 
ical field, the author presents the following 
recommendations: 


1. Biological analysis of water is in- 
dispensible. It serves to verify, complete, 
and broaden chemical and bacteriological 
findings in drinking water and sewage. 

2. Biological analysis of water must 
take into consideration all organisms 
found in the water, in particular those 
found in quantity. It cannot be based 
on either macroscopic or microscopic ex- 
aminations alone, but should include both. 

3. Biological analysis must be accurate; 
it cannot ignore either living or dead 
organisms. For a true evaluation of 
conditions both must be considered. 

4. Fundamental conditions for the 
proper execution of biological analyses 
are special schooling of personnel and 
standardization of methods of examina- 
tion. 

5. For the schooling of personnel, 
special faculties and departments should 
be organized at the polytechnical institu- 
tions to consider the problems relating to 
water technology, and at all higher agri- 
cultural schools to consider the problems 
of fish protection and the agricultural 
utilization of wastes. 

6. In addition to schools for training 
personnel, experimental stations should be 
established to study the organisms found 
in water, particularly plankton and the 
lower animal forms. These stations: are 
to provide the foundation on which the 
biological analytical structure will be 
built. Conrap P. STRavuB 


Viability of Geohelminth Eggs in Water 
Courses and Bottom Deposits. By 
A. M. Usaczewa. Gigiena 1 Sanitaria 
(Russia), 12 (1951). Abs. in Gaz, 
Woda i Tech. Sanit. (Poland), 26, 10, 
303 (1952). 

Eight sampling points were located on 

a branch of a stream 26.5 km. in length 

for the purpose of studying the removal 

and viability of helminth eggs. In a dis- 
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tance of 20 km., settling (about 90 hr. 
elapsed time) removed all helminth eggs. 
(Abstractors note: It is presumed that 
this stream was inoculated with these 
organisms and this distance was below 
the point of discharge or inoculation, al- 
though there is no mention of this in the 
text.) It was found that 80 per cent of 
the bottom samples showed the presence 
of helminth eggs. To determine the in- 
cubation time of the eggs and their vi- 
ability in the bottom sediments, fresh 
cultures of ascarid eggs were prepared and 
incubated under conditions similar to 
those occurring in the stream. These 
studies indicated that the development 
of the eggs varies in different regions of 
the stream, and under similar temperature 
conditions varies (presumably) with the 
oxygen content of the stream. For ex- 
ample, with oxygen concentrations of 7 
to 9 p.p.m., the ascarid eggs developed to 
the larval stage in two months; with 
oxygen concentrations of 5 to 5.6 p.p.m., 
the eggs did not develop to the larval 
stage; and in the absence of oxygen there 
was no development of the eggs. Obser- 
vations on the viability of ascarid eggs 
placed in tanks in February showed that 
after 2 months 65.1 per cent survived in 
water and 56 per cent in the bottom 
deposits; after 9.5 months, 34.5 and 41.8 
per cent survived, respectively; and after 
15 months, 11.8 and 17.1 per cent, re- 
spectively. It was concluded that bottom 
deposits in open resevoirs or basins could 
serve as a source of helminth eggs and 
that waters so contaminated could serve 
as a focus of human infection. 
Conrap P. Straus 


Water Quality Criteria. Publ. No. 3, 
State Water Pollution Control Board, 
Sacramento, Calif. 512 pp. (1952). 
The printed edition of a mimeographed 

report abstracted in Tu1s JourNAL, 24, 

11, 1437 (Nov., 1952). <A limited number 

of copies are available from the publishing 

agency, without charge, to governmental 
agencies directly concerned with water 
pollution control. Postpaid cost to others 
is $3.00 per copy (cash with order) from 
the Documents Section, State Printing 
Division, 11th and ‘“‘O” Sts., Sacramento 
14, Calif. 
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Book Reviews 


Gewisserschutz und Abwasser-Reinig- 
ungsanlagen (Stream Protection and 
Sewage Treatment). Various Av- 
THORS. Verlag Baublatt AG, Rusch- 
likon-Zurich, Switzerland. No price 
indicated (1952). 


This book is very similar in objective 
and content to the Federation’s Tenth 
Anniversary Book, “Modern Sewage Dis- 
posal,” published in 1938. It is an ex- 
cellent German-language symposium on 
stream pollution control in Switzerland, 
on modern practice there in the treatment 
of sewage and industrial wastes. 

The chapter headings and authors are 
as follows: 


1. Need for Stream Protection, and 
Sewage Treatment Aims in Switzerland; 
Task and Objective of the Swiss Associa- 
tion for Stream Protection. By Dr. 
Otto Jaag. 

2. The Cleansing of our Streams, a 
Fundamental of Public Health. By Paul 
Zigerli. 

3. Federal Laws Relating to the Pro- 
tection of Streams against Pollution. By 
Alfred Mathey-Doret. 

4. Research in Sewage Treatment and 
Stream Protection. By Dr. Ulrich A. 
Corti. 

5. Historical Development of the Sew- 
age Works Field in Switzerland; Task and 
Objective of the Swiss Association of 
Sewage Professionals. By Andre Kropf. 

6. Review of Common Treatment Proc- 
esses for Domestic Sewage. By Arnold 
Horler. 

7. The Handling of Industrial Wastes. 
By H. Kuisel. 

8. The Need for Regional Sewage Proj- 
ects and their Fundamentals. By Pierre 
Wildi. 

9. The Development of Metropolitan 
Sewer Systems and the Location of the 
Treatment Plant. By Fritz Schneiter. 

10. Sewage Services in Small Com- 
munities. By Friedrich Baldinger. 

11. Sewer Pipe Materials. By Jakob 
Miller. 

12. Fundamentals and Experience in 


Sewer Construction. 
and Arnold Schmid. 

13. Operation and 
Sewers. By Jakob Isler. 

14. Household Drainage Recommenda- 
tions of the Swiss Association of Sewage 
Professionals. By Friedrich Baldinger. 

15. The Importance of Garbage Re- 
covery to Stream Protection. By Georg 
L. Béttner. 

16. The Present Status and Proposed 
Development of Sewage Treatment in the 
Various Kantons. 

17. Examples of Operating and Pro- 
posed Treatment Plants for Domestic 
Sewage. 

18. Examples of 
Treatment Plants. 


By Fritz Bachmann 


Maintenance of 


Industrial Waste 


A joint project of the Schweizer Baublatt 
and Verband Schweizerischer Abwasser- 
fachleute, the book is intended (a) to 
demonstrate to municipal officials that 
sewage treatment is practical and that 
current methods are well-founded on ex- 
perience, (b) to set forth the pollution 
abatement needs in Switzerland and to 
show how they may be satisfied, and (c) 
to stimulate interest in the problem and 
thus increase public support of water- 
borne waste disposal projects. 

Although slanted basically to Swiss 
practice, the book is equally representative 
of technical practice in continental Europe. 
A feature of particular value and interest 
is the large number of detailed plant 
descriptions, profusely illustrated by flow 
diagrams and photographs. 

W. H. Wisety 


Sewerage and Sewage Treatment. Sev- 
enth Edition. By Harotp E. Bassirr. 
John Wiley & Sons, Inec., New York, 
N. Y. 674 pp. Price, $8.00 (1953). 


The seventh edition of this widely used 
text not only retains the excellent features 
that have given the earlier editions their 
outstanding reputation, but enhances its 
use to student and practitioner alike 
through modernization and_ increased 
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scope of coverage. Among the more 
notable revisions in the new edition are: 


1. Conformation of the nomenclature 
with the authoritative glossary prepared 
by a joint committee of the several tech- 
nical sanitary associations. 

2. New design specifications and recom- 
mendations of various regulatory agencies, 
particularly at the state level. 

3. Recognition of the advances made 
in process control and equipment design, 
as well as in wastes treatment and their 
applications. 


As with the previous editions, the 
seventh edition de-emphasizes the older 
methods in favor of newer practices when 
improvement is indicated, but still retains 
the fundamental values of the earlier 
versions, including simplicity, directness, 
balance, and thoroughness. Also like 
the previous editions it subordinates the 
chemical and biological aspects of sewage 
treatment theory in accomplishing its 
primary objective of serving as an en- 
gineering text. H. P. OrLAND 


Water Supply and Sewerage. Third Edi- 
tion. By Ernest W. STEEL. Mce- 
Graw-Hill, New York, N. Y. 582 pp. 
Price, $8.00 (1953). 


This revised text, designed to cover two 
related fields so as to eliminate duplica- 
tion, offers the fundamentals of both sub- 


jects. Presentation of the theory and 
practical application of both design and 
operation of water and sewage works is 
well-balanced, with stress placed on es- 
sential principles and practice rather than 
on less important details. 

The revision of the new edition incor- 
porates the many new advances and 
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practices developed in the fields covered. 
Rainfall and runoff material has been re- 
written, and fuller treatment is given 
storm-water inlets and sewer maintenance. 
Self-purification of streams has been con- 
solidated with sewage treatment, the 
theory and its application being treated 
at greater length. Sewage filtration, ac- 
tivated sludge, sludge digestion, and 
sludge lagooning are covered more com- 
pletely than in the former editions, par- 
ticularly in view of late developments in 
these areas. 

As a general text for the allied fields 
covered, the new edition should admir- 
ably serve the purpose for which it was 
intended. H. P. ORLAND 


Basic Mechanics of Fluids. By HuNTER 
Rouse anp J. W. Howe. John Wiley 
& Sons, Ine., New York, N. Y. 245 pp. 
Price, $4.50 (1953). 

This undergraduate textbook deals spe- 
cifically with the mechanics of fluids, not 
for a particular class of engineer, but as a 
grounding in fundamentals for all. Run- 
ning through the book is a constant theme 
of application of fundamentals, which are 
presented in a unified, coherent develop- 
ment rather than as isolated principles. 
The development in regard to all problems 
of flow is carried up to the point of juncture 
with thermodynamics. 

The 400 problems included are of very 
practical flavor, representing applications 
of the principles discussed to the fluid flow 
problems of many diverse engineering 
fields. In general, the book is well- 
designed to accomplish its purpose as a 
general engineering text. 

H. P. ORLAND 
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SHOCK LOADS 
READILY HANDLED 


WITH EXISTING EQUIPMENT 


by the 
KRAUS PROCESS & 


Activated sludge aeration tonks, Peoria, 
I. Three channels in foreground, out of 
total of twelve cerotion channels, ore 
used for sludge nitrification 


The P.F.T. Kraus Process, also known as the “Digester Liquor Nitrification 
Process,” can be readily applied to existing plants or incorporated in the 
design of new plants. No additional aeration basins or aeration facilities 
stwace are required nor any greater amount of air. Only a slight revision 
meses: | in piping and return activated sludge pumping facilities are required. 


The P.F.T. Kraus Process provides these three plus values: 
(1) Eliminates the need for ex- 
panding plant facilities by overcoming 
“siooce effect of greatly increased loads ex- 
ceeding original plant capacity. 


(2) Nullifies formerly disastrous 
effect of shock loads from industrial 
=p waste organic matter. 
(3) Utilizes all digester liquor over- 
flow to advantage in the main treat- 
ment process. 


Tans oF Using this system, sludge produced in the acti- 
| | | vated sludge process settles more readily to 
give better overall results in purification or 
covewrenes cqnaven allows reduction in capacity of secondary settling facilities. 
mre Ssh Another problem is effectively overcome by making use of 
digester liquor to advantage. 


The highly nitrified sludge from the aeration tanks set aside 
ee r for the nitrification process may be returned continuously 

to the normal activated sludge process or may be returned 
in amounts required to balance shock loads or organic matter 
(xs introduced into the aeration tanks. 


Call upon P.F.T. for details of how this process can help you. 


PACIFIC FLUSH TANK CO 
Waste Treatment Equipment Exclusively Since 1893 


4241 RAVENSWOOD AVE. CHICAGO 13, ILLINOIS 
NEW YORK @ LOS ANGELES @ SAN FRANCISCO @ CHARLOTTE, N. C. @ JACKSONVILLE @ DENVER 
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SEWAGE AND INDUSTRIAL WASTES 


Proceedings of Member Associations 


OKLAHOMA WATER, SEWAGE 
AND INDUSTRIAL WASTES 
CONFERENCE 


The 1952 Annual Meeting of the Okla- 
homa Water, Sewage and Industrial 
Wastes Conference was held December 
1-5, 1952, at Oklahoma A & M Col- 
lege, Stillwater, Okla., in conjunction 
with the 26th Water, Sewage and In- 
dustrial Wastes Short Course. 

Lectures, panel discussions, and lab- 
oratory sessions comprised the bulk of 
the technical program, which was di- 
vided into seven ‘‘courses’’ comprising 
water chemistry, sewage chemistry, wa- 
ter distribution, sewer systems, water- 
works, sewage works, and industrial 
wastes. Topics covered in the sewage 


and industrial wastes fields included 
the wide variety of interests of the 


group. Specific papers of general in- 
terest included: 


‘Civil Defense and Disaster Relief,’’ 
by Gaines F. West, Director, Okla- 
homa State Civil Defense Board, Still- 
water. 

‘*Practical Application of Disaster 
Relief,’’ by Dwight F. Metzler, Di- 
rector and Chief Engineer, Kansas 
State Board of Health, Lawrence, Kans. 


Of particular note were the indus- 
trial wastes section sessions on De- 
cember 4 and 5. In addition to dis- 
cussions of stream pollution by repre- 
sentatives of the state pollution con- 
trol agencies of Arkansas, Colorado, 
Kansas, Louisiana, Missouri, New 
Mexico, Oklahoma, and Texas, the fol- 
lowing papers were presented : 
(Continued on page 230a) 
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SNOW GATES 


SEWAGE TREATMENT PLANTS 


All types of cast iron gates manufactured in 
either square or circular opening in sizes up 
to and including 72 inches. 


ALL SNOW GATES and Lifts are “Parker- 
ized” for protection against rust and corrosion. 


} Over 40 years continuous service to the in- 


We will be pleased to quote on any type of 
water controlling equipment. 


SNOW IRRIGATION SUPPLY CO. 
2437 East 24th Street 


for 


Los Angeles 54, Calif. 


= 

| 
: 
4 
i 
4 ; 
i 
} 
i 
| | | 
> 
+ 


SEWAGE AND INDUSTRIAL WASTES 


Lithographed on stone for U. S. Pipe and Foundry Co. by John A. Noble, A. N. A. 


Wrauen A CAST IRON water, gas or 
sewer line crosses a stream flexible joint pipe 
is frequently used. Joints that will deflect 
enough to meet installation and 
post-installation conditions and remain 

tight are most important in a 

submarine installation. 


U. S. flexible joint pipe in all sizes, Md 
and pipe 30-inch and larger with other types cast iron 
of joints, are produced by the pit cast 
process. In sizes 2-inch through 24-inch, 
U. S. pipe is cast centrifugally in metal molds 
with bell-and-spigot, mechanical 
joint or plain ends. 


Rigid quality controls are employed 
throughout the manufacture of all types of 
U. S. cast iron pipe from raw materials 

to finished products. 


United States Pipe and Foundry Co., 
General Offices, Burlington, N. J. Plants 
and Sales Offices Throughout the U.S.A. 
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‘*Industrial Wastes,’’ by E. C. War- 
kentin, USPHS, Little Rock, Ark. 

‘*Federal Stream Pollution Con- 
trol,’’ by H. J. Stafford, Attorney, Fed- 
eral Security Administration, Dallas, 
Tex. 

‘*Soil Conservation and Pollution 
Control,’? by A. D. Bull, State Soil 
Conservation Service, Oklahoma City. 

‘Wildlife and Stream Pollution,’’ 
by Carl D. Shoemaker, Conservation 
Director, National Wildlife Federation, 
Washington, D. C. 

*Aoriculture and Stream Pollu- 
tion,’’ by M. G. Barclay, U. 8S. Bureau 
of Reclamation, Oklahoma City. 

‘**Oil Field Wastes,’’ by E. W. Ham- 
burg, Oklahoma Planning and Re- 
sources Board, Oklahoma City. 

**Oil Refinery Wastes,’’ by J. W. 
Roach, Kerr-McGee Oil Industries, 
Inc., Oklahoma City. 

‘““Waste Problem in Tulsa,’’ By 
Glenver McConnell, Commercial Water 
Works and Sewage, Tulsa. 


SEWAGE AND INDUSTRIAL WASTES 


‘*Dairy Wastes,’’ A. J. Steffen, Sani- 
tary Engineer, Wilson & Co., Chicago, 
Ill. 

‘*Waste Abatement vs. Waste Pre- 
vention,’’ by V. M. Ehlers, Director, 
Bureau of Sanitary Enginering, State 
Department of Health, Austin, Tex. 

‘‘Industrial Waste Research,’’ by 
H. H. Black, Chief, Industrial Wastes 
Section; C. C. Ruchhoft, Chief, Physics 
and Chemistry Section; and C. M. 
Tarzwell, Chief, Biology Section, 
USPHS Environmental Health Center, 
Cincinnati, Ohio. 

‘*Effect of Pollution in Other States 
on Waters Flowing into Oklahoma,’’ 
by Fred G. Fellows, Consulting Engi- 
neer, Ponca City. 

‘*Effect of Municipal and Industrial 
Wastes on Fish and Wildlife,’’ by A. D. 
Aldrich, State Fish and Game Depart- 
ment, Oklahoma City. 

‘“‘What the Farmers Are Doing 
About the Pollution Caused by Soil 

(Continued on page 232a) 


“Auto-Raise” 
THICKENERS AND 
CLARIFIERS 


One of the distinctive features of Hardinge 
Thickeners is the “Auto-Raise’”’ driving 
mechanism, which automatically lifts the 
scraper away from an overload or obstruction 
in the tank bottom—eliminating costly break- 
downs and delays. Bulletin 31-D-16. 
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CORPORATED 


YORK, PENNSYLVANIA— 240 Arch St. Main Office and Works 
NEW YORK 17 @ SAN FRANCISCO 11 @ CHICAGO 6 @ HIBBING. MINN. @ TORONTO 1 


122 E. 42nd St. 24 California St. 


205 W. Wacker Dr. 


2016 First Ave. 200 Bay St. 
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SEWAGE AND INDUSTRIAL WASTES 


Select from this list of five diff 

and you will get the best ty 
particular problem whether 
garbage, sewage sludge, cca 
organic matter... . 

combination. 


® For Garbage and Rubbish 
(1) Cell and Hearth 
(2) Circular Hearth and Gi 
Mechanically Stoked 


Burning 
(3) Multiple Zone 
ically Stoked 


Rubbish and Sewage 
vage 
(4) Circular Unit, Mechanically 
Stoked, with Separate Compart- 
ment for Sewage Sludge Reduc- 
tion 


© For Garbage and Trash (Individual 
Buildings) 
(5) Kernerators (Flue-Fed and 
Ready-Built) 


Our incinerator experience goes back 
nearly sixty years. Our work is guar- 
anteed. Our incinerators are constructed 
under the supervision of our own field 
men who stay with it until the unit is 
in operation, fully broken in and crews 
instructed. 


MORSE BOULGER DESTRUCTOR CO. 


205-S East 42nd St. New York 17, N. Y. 


Representatives in Principal Cities 
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Erosion,’’ by E. W. Schroeder, School 
of Agricultural Engineering, Oklahoma 
A & M College, Stillwater. 


Officers elected to serve during 
1952-3 were: 


President: B. H. Swab, Oklahoma City. 

Vice-President: L. Barngrover, Shaw- 
nee. 

FSIWA Director: C. E. Moutrey, 
Tulsa. 

Secretary-Treasurer: H. J. Darcey, 
Oklahoma City. 

H. J. Darcey, 
Secretary-Treasurer 


GEORGIA WATER AND 
SEWAGE ASSOCIATION 


The 1952 Annual Meeting of the 
Georgia Water and Sewage Associa- 
tion was held in connection with the 
21st Annual Georgia Water and Sew- 
age School at the Georgia Institute of 
Technology, Atlanta, Ga., September 
24-26, 1952. 

Papers of particular interest to 
wastes and pollution control personnel 
were as follows: 


‘‘Financing Water and Sewage 
Projects,’’ by J. L. Morris, Vice-Presi- 
dent, The Robinson-Humphrey Co., 
Ine., Atlanta. 

‘‘Lubrication of Water and Sewage 
Equipment,’’ by B. H. Robson, Socony- 
Vacuum Oil Co., Jacksonville, Fla. 

‘*Selection, Operation and Mainte- 
nance of Valves,’’ by R. C. Kauffman, 
Wiedeman and Singleton, Engineers, 
Atlanta. 

‘Influence of Industrial Wastes on 
Sewage Treatment Systems,’’ A. A. 
Kalinske, Director of Research and De- 
velopment, Infilco Inc., Tucson, Ariz. 

‘*Planning and Operating Sewage 
Works,’’ by C. E. Drummond, Wiede- 
man and Singleton, Engineers, Atlanta. 

‘‘Operation of Sewer Cleaning 
Equipment,’’ by Louis Cornell, Super- 
intendent of Maintenance, City of 
Savannah, Ga. 


Inspection trips were made to the 


Atkinson plant of the Georgia Power 
Company, and to Atlanta’s.R. M. Clay- 
ton sewage treatment plant. 

Officers elected to serve during 1952- 
3 were: 


President: L. C. Bowen, Camp Gordon. 
Vice-President: S. Russell, Atlanta. 
Secretary-Treasurer: A. T. Storey, At- 
lanta. 
A. T. Storey, 
Secretary-Treasurer 


NORTH DAKOTA WATER 
AND SEWAGE WORKS 
CONFERENCE 


The 24th Annual Convention of the 
North Dakota Water and Sewage 
Works Conference was held at the 
Gladstone Hotel, Jamestown, N. Dak., 
October 2-3, 1952. Registration for 
the meeting totaled 105. 

The October 2 sessions were devoted 
to papers of interest to all members. 
This had been preceded on October 1 
by an inspection trip to the new James- 
town Dam, on which construction had 
been recently started, and an evening 
smoker. 

To insure free discussion on matters 
of more specific interest, the morning 
of October 3 was set aside for three 
concurrent sessions. The first group 
comprised those interested specifically 
in the problems of water treatment 
plants and water systems; the second, 
those concerned with sewage treatment 
and sewerage; and the third, those 
concerned with the general problems 
of water, sewage, public works, and 
other municipal utility problems of 
especial interest to the small town oper- 
ator. 

Officers elected to serve during 1952- 
3 were: 


President: C. T. Stephenson, James- 
town. 

Vice-President: C. M. Hagen, Oakes. 

Secretary-Treasurer: J. H. Svore, Bis- 
marck. 


JEROME H. Svore, 
Secretary-Treasurer 
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Most Municipal Officials Prefer 


GENERAL 
CHEMICAL 


“ALUM” 


for Water and Sewage Coagulation 


For Water Works 


For Sewage Plants 


1. Produces crystal-clear water 1. Clean and easy to handle 
2. Gives effective floc formation over wide 2.Dry feeds well or dissolves readily for 
pH and alkalinity conditions solution feeding / 
3. Insures settling of fine turbidity resulting 3.Simple application; requires only low cost a 
in longer filter runs feeding apparatus and minimum attention +f 
4. Helps reduce tastes and odors. 4. Makes clear, low-color effluents possible ; 
5. Removes organic color from water S. Flocs effectively over wide pH and 
6. Has no chlorine demand, because the alkalinity conditions 


aluminum ion has no reduced state 6. Helps sludge digest and dry readily with 
minimum of odor 


~ 


. Stores well and remains free-flowing for 
uniform feeding 7. Reduces chlorine consumption in the 
effluent 


Always Readily Available from Coast-to-Coast Distribution Points 


ALLIED CHEMICAL & DYE CORPORATION 

40 Rector Street, New York 6, N. Y. 
Offices: | Atlanta Baltimore Birmingham Boston 
Bridgeport * Buffalo Charlotte Chicago Cleveland Denver 
Detroit * Greenville (Miss.) * Houston ¢ Jacksonville ¢ Kalamazoo 
Los Angeles ¢ Minneapolis * New York ¢ Philadelphia ¢ Pittsburgh 
Providence * San Francisco ® Seattle © St. Louis * Yakima (Wash.) 

In Wisconsin: General Chemical Company, Inc., Milwaukee 

In Canada: The Nichols Chemical Company, Limited * Montreal * Toronto * V: 


; 
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Equipment and Supply Lines 


Hose—Bulletin 3680 describes 5 
basic hose types replacing the 18 types 
formerly offered. Details of construc- 
tion, sizes, pressures, fittings, and ap- 
plications also are given.—Thermoid 
Co., Trenton, N. J. 

Rust Preventive—SRP (Sure Rust 
Prevention) coating is described, with 
specifications and application data, in 
Technical Data Guide No. 10.—L. Son- 
neborn Sons, Inc., New York 11, N. Y. 


Right Angle Gear Drive—New cata- 
log contains full details and engineer- 
ing data on right angle gear drives 
for 15- to 450-hp. installations —John- 
son Gear & Manufacturing Co., 8th and 
Parker St., Berkeley 10, Calif. 

Turbidity Recorder—An ‘‘electric 
’ turbidity, recorder is described 
in Bulletin 604, which also shows typi- 
eal installations for various turbidity 
ranges.—ESS Instrument Co., Bergen- 
field, N. J. 


Measurement Transmission Systems 
—New Catalog T-50 describes pneu- 


eye 


matic, magnetic, electric, electronic, 
and electronic-follower transmission 


systems for use in measurement and 
control applications.—Fischer & Porter 
Co., 7250 Jacksonville Road, Hatboro, 
Pa. 

pH Recorder—Units for automatic 
recording and control of pH are de- 
scribed in detail in Data Sheet No. 
10.7-1.—Minneapolis-Honeywell Regu- 
lator Co., Wayne and Windrim Aves., 
Philadelphia 44, Pa. 


Induction Motors—Totally enclosed 
induction motors for both standard 
and explosion-proof types in 1- to 2,000- 
hp. sizes are described with specifica- 
tions and application data in Bulletin 
GEA-4400A.—General Electric Co., 
Schenectady, N. Y. 


Dampers and Operators—Catalog 
8502 describes various types and appli- 
cations of dampers and damper opera- 


tors—Minneapolis-Honeywell Regula- 
tor Co., Wayne and Windrim Aves., 
Philadelphia 44, Pa. 


Rotary Distributors—New 18-page 
Technical Supplement RD gives com- 
prehensive design data and informa- 
tion on reaction- and positive-driven 
rotary distributors and dosing siphons 
—American Well Works, Aurora, III. 


Spiragester—Details of the ‘‘Spira- 
gester’’ are given in Bulletin 124, 
which also gives installation sugges- 
tions—Lakeside Engineering Corp., 
222 W. Adams, Chicago, 

Flow Meters—Bulletin 300—J14 de- 
scribes a new model in the Flo-Watch 
series of remote recording and control- 
ling flow meters.—Builders-Providence, 
Ine., 345 Harris Ave., Providence, R. I. 


Sewage Pumps—Design and instal- 
lation data for a complete line of small 
vertical sewage pumps is contained in 
Bulletin No. 7600.—The Deming Co., 
Salem, Ohio. 


Bar Screen and Disintegrator—New 
24-page Bulletin No. 6400 describes in 
detail two types of bar screens in con- 
nection with a screenings disintegrator. 
—The Dorr Company, Barry Place, 
Stamford, Conn. 


Bucket Elevator—Bulletin 77—J7 
contains complete details on a small, 
compact bucket elevator for loading 
feeder storage hoppers in limited areas. 
—QOmega Machine Co., 345 Harris Ave., 
Providence, R. I. 


Rotary Distributors—New 16-page 
Bulletin 5210 presents detailed deserip- 
tions of the various types of rotary 
distributors and the automatie dosing 
siphon.—Ralph B. Carter Co., Hack- 
ensack, N. J. 

Corrosion Protection—New bro- 
chure presents data and practical sug- 
gestions on use of Tapecoat to combat 
corrosion of pipes, tanks, ete.—Tape- 
coat Co., 1523 Lyons St., Evanston, III. 
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Build Functional and Distinctive Sewage Treatment Plants 


with Architectural Concrete 


This Centralia, Wash. sewage treatment 
plant exemplifies how architectural con- 
crete combines modern functional qual- 
ities with distinctive appearance. 


Centralia has a combined sanitary and 
storm sewer system. In the rainy season, 
with sewage getting only primary treat- 
ment, the plant’s capacity is 4144 m.g.d. 
\s a complete treatment plant the rest 
of the year its capacity is 2 m.g.d. 


Architectural concrete is an ideal con- 
struction material for sewage treatment 
plants. Its clean, neat appearance is a 
symbol of cleanliness and good munici- 
pal housekeeping. It makes the structure 


a long-lasting asset and a source of com- 
munity pride. In addition, it offers: 

1. UNUSUAL DURABILITY. It resists such 
destructive agents as severe weathering, 
fire, decay and sewage gases. 

2. GREAT STRENGTH. It can be designed 
economically to withstand all vertical 
and horizontal forces. 

3. REAL ECONOMY. Moderate first cost, 
low maintenance cost and long life result 
in true low-annual-cost service. 
Investigate architectural concrete’s 
advantages for sewage treatment plants. 
Ask for free literature, distributed only 
in U.S. and Canada. Address Dept. A6-76. 


PORTLAND CEMENT ASSOCIATION 


Chicago 10, Illinois 


A national organization to improve and extend the uses of portland cement 
and concrete . . . through scientific research and engineering field work 
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DIRECTORY OF ENGINEERS 


(Continued through page 241a) 


ALBRIGHT & FRIEL, INC. 
cis s. EL ALVORD, BURDICK & HOWSON 
Consulting Engineers Engineers 
WATER, SEWAGE AND DIDUSTRIAL Charles B. Burdick Louis R. Howson 
WASTE PROBLEM Donald H. Maxwell 


EFUSE INCINERATORS Water Works, Water Purification, 


; Flood Relief, Sewerage, Sewage 

CITY Disposal, Drainage, Appraisals, 
1800-18 Power Generation 

Sut 1500-1 St PHILADELPHIA 7 Civic Opera Building Chicago 


JOHN J. BAFFA MICHAEL BAKER, JR., Inc. 
Consulting Engineer Civil Surveyors 


Sewerage & Sewage Treatment Municipal Engineere— Airport Design—Sewage Disposal 


75 West Street New York 6, N. Y. — — — Rochester, Pa. ee 


BAXTER AND WOODMAN W. H. & L. D. BETZ 
Civil and Sanitary Engineers Consulting Engineers 
Water Supplies Water Treatment Industrial Waste 
Sewer Systems Sewage Treatment Industrial Water 


Industrial Waste Treatment Analysis ¥ Design 
Investigations Investigations Operation 


P. 0. Box 67 Crystal Lake, Illinois Gillingham & Worth Sts. Philadelphia 24, Pa. 


BLACK & VEATCH 
Consulting Engineers 
SEWAGE - WaTER - ELECTRICITY - INDUSTRY 


Reports, Design, Supervision of Construction 
Investigations, Valuation and Rates 


4706 Broadway Kansas City 2, Missouri 


CLINTON L. BOGERT ASSOCIATES CONSULTING ENGINEERS! 
If you specialize in sewage and indus- 
n L. Ivan L. Bocert : 

GREIG A. LINCOLN trial waste disposal problems, prospec- 
DonaLp M. DitTMaRs ARTHUR P. ACKERMAN tive clients will expect to find your card 
Water ané Wethe in Directory of Engineers contained 

Refuse Disposal Industrial Wastes in the .. 
Drainage Flood Control Official Professional Journal of the 
624 Madison Ave., New York 22, N. ¥. Sewage and Industrial Wastes Field! 


Take advantage of the services of these outstanding consultants! 
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BOWE, ALBERTSON & ASSOCIATES 
Engineers 
Sewerage—Sewage Treatment 
Water Supply— Purification 
Refuse Dis — Analyses 
Municipal—lIndustrial Projects 
Valuations—Reporte— Designs 
110 William Street New York 7, N. Y. 


BROWN AND BLAUVELT 
Consulting Engineers 


Water Supply Airports 

Sewer Systems Highways 

Sewage Disposal Plants Industrial Buildings 

Industrial Wastes Probl Railroad: 
468 Fourth Avenue New York 16, N. Y. 


BUCK, SEIFERT AND JOST 
Consulting Engineers 
(FORMERLY NICHOLAS S. HILL ASSOCIATES) 


iali in Sew and Sewage Disposal, 
Water Supply and Water a me 
Valuations and Reports 
Chemica! and Biological Laboratories 
112 East 19th Street New York 3, N. Y¥. 


BURGESS & NIPLE 
Civil and Sanitary Engineers 
Established 1908 
Water supply, treatment and distribution 
Sewage and industrial wastes disposal 
Investigations, reports, appraisals, rates 
Airports unicipal Engineering Supervision 


584 E. Broad Street Columbus 15, Ohio 


BURNS & McDONNELL 
Consulting and Designing Engineers 


Kansas City 2, Mo. Cleveland 14, Ohio 
P.O. Box 7088 1404 E. %h St. 


ONLY $60 PER YEAR 


is the cost of a professional listing 
in this space. A card here will iden- 
tify your firm with the specialized 
sewage works field and will afford 
maximum prestige! 


CAMP, DRESSER and McKEE 
Consulting Engineers 


Water Works and Water Treatment 
Sewerage and Sewage Treatment 
Municipal and Industrial Wastes 

Investigations and R 
= 
esearch an lopment 
Flood Control 


CAPITOL ENGINEERING CORPORATION 


Engineers—Constructors— Management 
SEWAGE SYSTEMS WATER WORKS 
Designs and Surveys Roads and Streets 

Planning Airports 
Bridges Dams 
Executive Offices 
DILLSBURG, PENNSYLVANIA 


THE CHESTER ENGINEERS 


Water Supply and Purification 
Sewage and Industrial Waste Treatment 
Power Plants-Incineration—Gas Systems 

Valuations-Rates-Management 

Laboratory-City Planning 


210 E. Park Way, Pittsburgh 12, Penna. 


CHAS. W. COLE & SON 
Engineers ~ Architects 
Municipal Industrial 

Commercial 
220 W. LaSalle St., South Bend, Ind. 
Phone 4-0127 


CONSOER, TOWNSEND & ASSOCIATES 


Water Supply—Sewerage—Flood Con- 
trol & Drainage—Bridges—Ornamen- 
tal Street Lighting—Paving—Light 
and Power Plants. Appraisals. 

351 East Ohio St. Chicago 11, Ill. 


Don’t be sixth... 


to send in your professional card for 
listing in The DIRECTORY OF 
ENGINEERS. There are just five 
more available spaces remaining for 
card listing among these outstanding 
specialists. 


It pays to secure competent and experienced engineering advice! 
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Damon & Foster 
Consulting Civil Engineers an@ 
Surveyors 
Sewerage, Sewage Disposal, Water Supply, 
Surveys, Land Subdivision, City and Town 
Planning, Reports, Design, Supervision 
Sharon Hill, Pennsylvania 


FREDERICK H. DECHANT 
BNGINBER 
Chairman of the Board, Frederic R. Harris Inc. 


Water Works, Industrial Wastes, 
Sewerage, Recovery Proceases, 
Hydraulic Works, Gas Plante 

Philadelphia: Fidelity Phila. Trust Bldg. 
New York: 27 William St. 


DE LEUW, CATHER & COMPANY 


Water Supply Sewerage 
Railroads Highways 
Grade Separation—Bridges—Subways 
Local Transportation 


Investigations — Reports — Appraisals 
Plans and Supervision of Construction 


150 North Wacker Drive Chicago 6 
505 Colorado Bldg. Washington 5 


DODGE, BLISS and WALKER 


Chemical Engineers 


Specialists in Waste Treatment 
Surveys and Investigations 
Research and Development 
Design of Treatment Plants 


108 Middle Road Hamden, Connecticut 


CATHODIC PROTECTION 


Engineering—Surveys—Design— 
Installations 


Electro Rust-Proofing Corp. (N.J.) 


Belleville 9, New Jersey 


Your firm should be 
listed here 


... the most complete Directory 
available of consultants specializ- 
ing in sewage and industrial wastes 
treatment. 


FAY, SPOFFORD & THORNDIKE 
ENGINEERS 

CHABLES M. SporrorD W. 

JOHN AYER L. HYLAND 

Bion A. BOWMAN Frank L. LINCOLN 

CARROLL A, FARWELL Howarp J. WILLIAMS 
Water Supply and Distribution—-Drainage 
Sewerage Sewage Treatment—Alirports 


Investigations and Reports Design 
Supervision of Construction Valuations 


Boston New York 


FINKBEINER, PETTIS & STROUT 


Careton S, FINKBEINER CHARLES FE. Pettis 
Harotp K. Strout 
Consulting Engineers 
Reports, Designs, Supervision, 
Water Supply, Water Treatment, Sewerage, 
Sewage Treatment, Wastes Treatment, 
Valuations & Appraisals 


518 Jefferson Avenue Toledo 4, Ohio 


FREESE, NICHOLS AND TURNER 
Consulting Engineers 


2111 National Standard Building 
Houston 2, Texas 


CH-1624 


FROMHERZ ENGINEERS 
Structural - Civil - Sanitary 
Four Generations Since 1867 
Water Supply; Sewerage; Structures; 
Drainage; Foundations 
Investigations; Reports; Plans and 
Specifications; Supervision 


823 1/2 Poydras St. New Orleans, La. 


EDWARD A. FULTON 


Consulting Engineers 


Investigations, Reports, Valuations, De- 
sign and Construction—Water Supply and 
Purification Plants; Sewerage and Sew- 
age Treatment Works; ae Paving 
and Power Developments; ams and 
Flood Control 


3209 Brown Road Saint Louis 14, Missoari 


GANNETT FLEMING CORDDRY 
& CARPENTER, INC. 
ENGINEERS 
Dams, Water Works, Sewage, Industrial Wastes & Gar- 
bage Disposal, Highways, Bridges & Airports, Traffic & 
Parking—Appraisals, Investigations & Reports. 
HARRISBURG, PENNA. 

Branch Offices: Pittsburgh, Pa. Philadel- 
phia, Pa. Daytona Beach, Fla. Pleasant- 
ville, N. J. Chesapeake, W. Va. 


Take advantage of the services of these outstanding consultants! 
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GILBERT ASSOCIATES, INC. 
Engineers and Consultants 


Water Supply and Purification 
Sewage and Industrial Waste Treatment 
Chemical Laboratory Service 
Investigations and Reports 


New York Washington 
Houston READING, PA. Philadelphia 


Consulting Sanitary Engineers 
Sewerage and Sewage Treatment 
Water Supply and Purification 
Industrial Wastes Disposal 
Design, and Supervision 


of Operation 
1001 N. Front Street Harrisburg, Pa. 


GREELEY & HANSEN 


Engineers 
Samue ! A. Greeley Paul Hansen (1920-1944) 
Paul E. don Kenneth V. Hill 
Thomas M. Niles Samuel M. Clarke 


Supply, Water Purification 
werage, Sewage Treatment 
Flood Control Drainage, Refuse Disposal 


220 S. State Street, Chicago 4 


CONSULTING ENGINEERS! 


If you specialize in sewage and indus- 
trial waste disposal problems, prospec- 
tive clients will expect to find your card 
in es Directory of Engineers contained 
in the... 


Official Professional Journal of the 
Sewage Industrial Wastes Field! 


JOHN J. HARTE CO. 


Engineers — Architects 


284 Techwood Drive, N. W. 
Atlanta, Georgia 


HAVENS AND EMERSON 


W. L. Havens Cc. A. Emerson 
A. A. Burger F. C. Tolles F. W. Jones 
L. Leach H.H. Moseley J. W. Avery 


Cc lei: E 
6 


Water, SEWERAGE, GARBAGE, INDUSTRIAL 
WASTES, VALUATIONS—LABORATORIES 


Leader Bldg. Woolworth Bldg. 
Cleveland 14, 0. New York 7, N. Y¥. 


HAZEN AND SAWYER 
ENGINEERS 
Ricaarp Hazen W. Sawver 


Municipal and Industrial Water Supply 
Purification and Distribution 
Sewage Works and Waste Disposal 
Design, 
Supervision of Construction and Operation 
110 Bast 42nd Street New York 17, N. Y. 


HENNINGSON, DURHAM 
& RICHARDSON, INC. 


ies and towns 


Water Works, Power, Sewers, 
Treatment, Reports, Fl ood Control, App: 


Standard Oil Bldg. 2, Nebraska 


HORNER & SHIFRIN 


Consulting Engineers 


W. W. E. E. 
H. SHIFRIN Vv. C. LiscHER 
Airports — Hydraulic Engineering — 


Sewerage and Sewage Treatment — 
Water Supply — Municipal Bngineering 
— Reports 


Shell Building, 8t. Louls 3, Missouri 


ROBERT M. JOHNSTON 
AND ASSOCIATES 
Consulting Chemists — Bacteriologists 
Analyses—W ater, Sewage, Industrial Waste 
Research Litigations 
915-917 N. Second St. Harrisburg, Pa. 


JONES, HENRY & WILLIAMS 
(Formerly Jones, Henry & Schoonmaker) 


Consulting Sanitary Engineers 


Water Works 
Sewerage & Treatment 
Waste Disposal 


Security Bldg. Toledo 4, Ohio 


KEIS & HOLROYD 
Consulting Engineers 
Formerly Solomon & Keis 
Since 1906 
Water Supply and Purification, Sewe: and 

Sewage Garbage and 
Disposal and Incineration, Industrial 
Buildings. 


TROY, N. Y. FT. LAUDERDALE, FLA. 


It pays to secure competent and experienced engineering advice! 


239a 


GLACE AND GLACE 

cincers 

uae 

4 

x 


240a SEWAGE AND INDUSTRIAL WASTES 


ENGINEERING OFFICE OF 
CLYDE C. KENNEDY 


offers 
COMPLETE ENGINEERING SERVICE 
Investigations, Reports, Design, 
Supervision of Construction and 
Operation 
Sewerage, Sewage Treatment and 
Industrial aste Disposal 
Chemical and Biological Laboratory 
604 MISSION ST., SAN FRANCISCO 5 


MORRIS KNOWLES Inc. 
Engineers 
Water Supply and Purification, Sewer- 
age and Sewage Disposal, Valuations, 
Laboratory, City Planning. 


1312 Park Bldg. Pittsburgh 22, Pa. 


Wm. S. Lozier Co. 
Consulting Engineers 
Sewerage, Sewage Disposal, 
Water Supply, Water Puri- 
fication, Refuse Disposal 


10 Gibbs Street Rochester 4, N. Y. 


GEORGE B. MEBUS 
Consulting Engineer 
Water Supply Sewage Treatment 
Industrial Waste Treatment 


NORTHWESTERN NATIONAL BANK BUILDING 
GLENSIDE, PA. 


METCALF & EDDY 
Engineers 


Water, Sewage, Drainage, Refuse and 
Industrial Wastes Problems 
Laboratory Valuations 
Airfields 


Statler Building 
Boston 16 


Nussbaumer, Clarke & Velzy, Inc. 
Consulting Engineers 
SEWAGE TREATMENT—WATER SUPPLY 
INCINERATION—DRAINAGE 
INDUSTRIAL WASTE TREATMENT 
APPRAISALS 
327 Franklin St., Buffalo, N. Y. 

500 Fifth Ave., New York 36, N. Y. 


PARSONS, BRINCKERHOFF 
HALL MACDONALD 
G. Gale Dixon, Associate 
Civil and Sanitary Engineers 


Water, Sewage, Drainage and 
Industrial Waste Problems. 


Structures — Power — _ Transportation 


51 Broadway New York 6, N.Y. 


BOYD E. PHELPS, INC. 


Architects and Engineers 


Water Supply and Purification 
Sewerage and Sewage Treatment 
Power Plants, Buildings, Investigations, 
Reports, Appraisals, Rate Studies 


Indianapolis and Michigan City, Indiana 


PIATT AND DAVIS 
WM. M. PIATT P. D. DAVIS 
Consulting, Designing, and Supervising Engineers 
Water Works, Sanitary Sewers, Water Purification 

Sewage Treatment, Public Buildings, Streets 

Power Plants, Electrical Distribution 
Reports and Appraisals 


One Eleven Corcoran St. Bidg. Durham, N. C. 


MALCOLM PIRNIE ENGINEERS 


Civil and Sanitary Engineers 
Malcolm Pirnie Ernest W. Whitlock 
Robert D. Mitchell Carl A. Arenander 

Malcolm Pirnie, Jr 
Investigations, Reports, Plans 
Supervision of Construction 
and Operations 
Appraisals and Rates 
25 West 43rd Street New York 36, N. Y. 


LEE T. PURCELL 
Consulting Engineer 
Water Supply & Purification; Sewerage & Sew- 
age Disposal; Industrial Wastes, Investigations 
t Reports; Design; Supervision of 
Construction & Operation 
Analytical Laboratories 


36 De Grasse St. Paterson 1, N. J. 


THOMAS M. RIDDICK 
Consulting Engineers and Chemists 


Municipal and Industrial Water Purification, 
wage Treatment Piant Supervision, 
Industrial Waste Treatment, 
Laboratories for Chemical and Bacteriological 
Analyses 


369 B. 149th Se. New York 55, N.Y. 


Take advantage of the services of these outstanding consultants! 
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RIPPLE AND HOWE 
PLE AND 301 RUSSELL AND AXON 
O. J. Rriz B. V. Hows Consulting Engineers 
a Civil — Sanitary — Structural 
Water Works Systems, Filtration int Softening Industrial — Electrical 
Treatment Piste Rate Investigations 
use , Airports. 408 Olive St., Municipal Airport 
833-35 Twenty-Third St. Denver 5, Colorado St. Louls 2, Mo. Daytona Beach, Fi 


SEEWALD LABORATORY 


ANALYTICAL CHEMISTS 
BACTERIOLOGISTS 


ANALYSES — WATER — SEWAGE — 
INDUSTRIAL WASTES — B. O. D. 


Examination of Municipal and Private Water Supplies 


1211 WEST FOURTH STREET, WILLIAMSPORT, PA. 


SMITH and GILLESPIE 
Consulting Engineers 
All types of 
Municipal Public Works & 
Utilities 
Complete Services 
P. O. Box 1048, Jacksonville, Fia. 


STANLEY ENGINEERING COMPANY 


Sewerage—Waterworks 
Drainage—Flood Con 
Electric Power—Airports 


Hershey Building 
Muscatine, Ia. 


ALDEN E. STILSON & ASSOCIATES 
Limited 


Consulting Engineers 


Water Supply—Sewerage— Waste Disposal 
Bridges—Highways—lIndustrial Buildings 
Studies—Surveys—Reports 


209 8. High St. Columbus 15, Ohio 


WARNER ENGINEERING CO. 
Engineers 
Consultation—Design— Detailing 
Structural—Mechanical—Hydraulic 
Industrial Piping and Sewerage Systems 
Industrial Waste and Sanitary Problems 


411 Broadway Building Lorain, Ohio 


J. STEPHEN 
J. S. Watkins . WATKINS 
CONSULTING ENGINEERS 
Municipal and Industrial Engineering, Water 
Supply and Purification, Sewerage and Sewage 
Treatment, Highways and Structures, 
Investigations and Rate Structures. 
251 East High Street Lexington, Kentucky 
ranch Offi 


901 Hoffman Bullding | Louisville, Kentucky 


WERTZ ENGINEERING CO., Inc. 
CONSULTANTS, DESIGNERS & 
CONSTRUCTORS 
Water Supply & Purification 


Sewage & Industrial Waste Treatment 
Stream Pollution Studies 


Chemical & Bact. Laboratory Service 
441 North 2nd 8t. Reading, Pa. 


WESTON & SAMPSON 
Consulting Engineers 
Water Supply, 


Stream Pollution Studies 
Supervision, Valuation 


14 Beacon Street Boston 8, Mass. 


WHITMAN & HOWARD 
Engineers (Est. 1869) 
Sewage Municipal and In- 
dustrial De Water Supply, 
Water Purification, Water Front a 
Investigations, Reports, Designs, Supervision, 
Valuations 


89 Broad Street, Boston, Mass. 


WHITMAN, REQUARDT & ASSOCIATES 
Engineers—Consultants 


Civil—Sanitary—Structural 
Mechanical—Electrical 
Reports, Plans Supervision, Appraisals 
1304 St. Paul Street Baltimore 2, Maryland 


It pays to secure competent and experienced engineering advice! 
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MODEL 8-HB 


with Fast 


Here is the fastest plus operating 
bucket machine on the market. It’s 
proven, trouble-free, patented belt- 
drive is much superior to transmis- 
sion-operated machines. 

Only one lever to use (instead of 
three)--which protects operator, 
pipe and machine. Why put up with 
summer sewer smells when Flexible 
cleans thoroughly--so economically? 
Let us prove it with facts and figures 


SEWER-ROD EQUIPMENT CO. 
9059 VENICE BOULEVARD, LOS ANGELES 34, CALIF. 


41 Greenway St. — Hamden 14, Conn. 66 Kiniry Drive — Rochester 9, New York 

147 Hillside Terrace — Irvington, N. J. 29 Cerdan Avenue — Roslindale 31, Mass. 

P. 0. Box 465 — Memphis, Tennessee 801 E. Excelsior Bivd. — Hopkins, Minn. 

1115 Delaware Ave. — Fort Pierce, Fla. 3786 Durango St. — Los Angeles 34, Calif. 

141 W. Jackson Blvd. — Chicago, Ili. 4455 S.E. 24th Street — Portland, Oregon 

200 Magee Bidg. — Pittsburgh, Penn. 351 West Jefferson Blvd, — Dallas, Texas 
Francis Hankin — Montreal & Toronto, Canada 


AMERICA’S LARGEST MANUFACTURER 
PIPE CLEANING TOOLS AND EQUIPMEN 
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WZ, * 
= Q 000 = 
2 24" Manho \ 
° 
3 

@ today 

4 ad 


INDEX TO ADVERTISERS Pe 


Combustion Engipeering, Inc. (Flash Dryer Divisicn) ...............- 
Flexible Sewer-Rod Equipment Company ... i... 2428 
General American Transportation Corporation (Process Equipment can sh 
Hardinge Company, Tncorpotated 2008 


Simplez Valve and Meter Company 2058 
Saow Irrigation Supply Company. S208 
Vapor Recovery Systems Company S148 
Wallace and Tiernan Company, Incorporated 5. BOCK Cover 


DIRECTORY OF ENGINEERS, pp. 236a-241a 


Albright & Friel, Inc. Harte Company, John J. 
Alvord, Burdick & Howson Havens and Emerson 


Camp, Dresser & McKee Nussbaumer, Clarke & Velzy, Inc. 
Chester Engineers, The Phelps, Boyd E., Inc. 


ADVERTISERS—whose support makes possible the 
lication When writing advertisers be sure to mention SEWAGE . 
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CHLORINATION BY W&T 


Geared v0 BETTER 


SEWAGE PLANT PERFORMANCE 


SETTLING BASINS — 
Chlorination keeps the sewage fresh 
and ensures continuance of proper settling 
in primary basin or Imhoff Tank. 
TRICKLING FILTERS — Chlorine ahead of tricking filters 
on a programmed basis prevents septic odors and ponding 
— thus permitting biological oxidation to proceed normally. 
ACTIVATED SLUDGE UNITS — Chlorination of the return 
activated sludge prevents bulking—and permits the ac- 
tivated sludge units to perform at maximum capacity. 
Join the hundreds of sewage plants that are main- 
taining top performance of their treatment pro- 
cesses with chlorination — dependable, accu- 
rate chlorination by | 
W&T. 


WALLACE & TIERNAN 


COMPANY, INC, 
CHLORINE AND CHEMICAL CONTROL 
HEWARK MEW JERSEY BEPRESENTED 
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